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Measure Current Precisely with K-2 Potentiometers 


For studying the tiny, speeding particles that 
constitute Beta-Rays, scientists require instru- 
ments that combine precision with great facility 
of operation. 


These characteristics have won Type K-2 Po- 
tentiometers wide acceptance in_ laboratories 
throughout the country. K-2 is convenient to 
use because about 6% of each range is spread over 
the instrument’s 5-meter slidewire, making it a 
simple matter to follow a small, fluctuating volt- 
age with ease and accuracy. 


NORTHRUP CO. 


Jrl. Ad E-51-241(1) 


Experimenters at the Institute for Atomic Research, 
Iowa State College, Ames, Iowa, use the K-2 po. 
tentiometer shown above to measure current in the 
coil of the Beta-Ray Spectrometer at left. Th 
potentiometer measures voltage across a standard 
0.01 ohm resistor shunted around the coil. Wit 
this information and an accurate measure of def. 
tion caused by the magnetic field, the scientiss 
calculate the energy of the Beta-Rays. Instrument 
panels in the picture are, left to right: scaling unt 
panel, vacuum gauge panel, and power rack pane. 


Type K-2 has three ranges: 0 to 0.0161 volt, 0 , 
to 0.161 volt, and 0 to 1.61 volts. It can be 
quickly standardized on any range. Even when 
used on a different range without restandard- 
izing, only a slight degree of precision is lost for 
the sake of the convenience gained in those raft 
cases where such manipulation is necessary. 


Further details in Catalog EH22(1), sent 0 Bie / 
request. Write to Leeds & Northrup Company, § 
4926 Stenton Avenue, Philadelphia 44, Pa. 
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TISELIUS ELECTROPHORESIS 


APPARATUS... 


Model 38 


@ Small, compact, easy to operate. 

A highly precise analytical instrument. 

e Augments chemical methods for 
plasma analysis. 

e Separates and analyzes enzymes, hor- 
mones, viruses and similar materials. 


The Perkin-Elmer Model 38 Tiselius 
Electrophoresis Apparatus is a compact instru- 
ment which incorporates the valuable features 
of the Tiselius method without excessive cost, 
large size or difficulty of operation. It uses a 
Tiselius cell of 2 cc capacity in parallel light to 
give electrophoresis patterns 34"x 14". The op- 
tical system is based on Longsworth’s scanning 
modification of the Toepler schlieren method. 


Electrophoretic pattern 
tly 


For complete information write The Perkin-Elmer 

be barbiturate buffer at pH 8.6. Corp., Dept. 61, Glenbrook, Connecticut. 

en 
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The complete instrument 

on Te PERKIN bad EL, MER is preassembled in a 

ys i : single unit (63” x 12” x 


12”) focussed and ready 
for operation. 


GLENBROOK - CONNECTICUT 
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Polyelectrolytes 


Raymond M. Fuoss 


Sterling Chemistry Laboratory, Yale University 


has been coined to describe substances of 
high molecular weight which are simulta- 
neously electrolytes. Within the scope of this defi- 
nition are a number of possible subclasses. According 
BB to source, we have, on the one hand, the naturally- 
of occurring polyelectrolytes such as proteins and poly- 
fcaccharides and, on the other, the synthetic materials 
hich will be deseribed shortly. From the point of 
HE view of electrolytic behavior, polyelectrolytes, just like 
ithe simple electrolytes of low molecular weight, may 
iB}. either weak or strong. Very briefly, a weak elec- 
8¢ Btrolyte is one for which there exists a neutral molecule, 
held together by electronic bonds, and which can dis- 
‘immcociate into ions; a strong electrolyte is one for which 
only ions exist. Acetic acid and sodium chloride are, 
respectively, familiar examples of the two classes. 
The former is present in liquid acetic acid mostly as 
the electrically neutral CH, -CO,H moleeule, which in 
water or other basie solvents can dissociate into a 
negative acetate ion and a positive hydrogen ion; this 
dissociation involves an electron rearrangement. The 
latter, however, exists as a lattice of positive sodium 
ions and negative chloride ions in the crystal; on solu- 
tion, these ions become solvated and separate, retain- 
ing the charges which characterize them. No dissocia- 
ion, in the sense of breaking electron bonds, is in- 
olved; only electrostatic Coulomb forces need to be 
onsidered. 
The importance of an understanding of the behavior 
bf proteins and polysaccharides need not be empha- 
wed—these are essential building blocks of all living 
Prganisms. The biochemist, who might be described 
ks One who studies the chemistry of substances of nat- 
ral origin, labors under a number of handicaps which 
reuifO not interfere with his colleague, the chemist, who 
vorks with synthetic compounds. The biochemist 
hecessarily must begin his work with substances of 
nknown chemical structure; before he can even begin 


( (Pit i is a term which 


This paper was presented in the Symposium on High 
polymers, held on September 14, in Washington, D. C., 
buring the Centennial Celebration of the AAAS. The 
fesults reported are based on experiments made by W. S. 
lbrink, G. I. Cathers, V. Chu, D. Edelson, W. N. Maclay, 
nd U. P. Strauss, at the Sterling Chemistry Laboratory, 
Bale University, under Project NR 054-002, Office of 
aval Research. 
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a breakdown of the molecule to determine its strue- 
ture, he must demonstrate that he has succeeded in 
separating a chemical individual from the biological 
source material. The chemistry of these compounds 
is determined by the source and not by the experi- 
menter. Furthermore, the materials are often chem- 
ically or biologically unstable and must be handled 
with care under sterile conditions at low temperatures. 
Finally, since life processes are planned around water 
as the solvent medium, nature has finally evolved as 
her most important compounds substances which are 
water soluble but insoluble in most other liquids. 
This limitation is a serious barrier to a general under- 
standing of the physical chemistry of polyelectrolytic 
materials, because many of their properties are deter- 
mined by the interaction of electrical forces between 
ions, and the intensity of these forces depends on the 
dielectric constant of the solvent. Obviously, unless 
we can control this variable, we are unable to investi- 
gate its effect. 

In recent years polymer chemists have shown how 
it is possible to synthesize compounds of high molecu- 
lar weight by a variety of methods from known com- 
pounds (monomers) of low molecular weight. Fa- 
miliar examples include polystyrene, synthetic rubber, 
and Nylon. These and other linear polymers consist 
essentially of long chains of atoms (usually carbon, 
oxygen, and nitrogen) which are held together by 
stable electronic bonds and to which are attached, at 
regular intervals, side groups of one sort or another 
which impart special chemical and physical properties 
to the polymer. If the monomer can react with only 
two other molecules, the resulting macromolecule is 
necessarily a chain, which usually assumes a eurled-up 
configuration; if the monomer can react with three or 
more other molecules, networks and lattices of very 
high molecular weight result. Bakelite and vuleanized 
rubber are examples of the latter types. An addi- 
tional controllable variable is at the disposal of the 
synthetic chemist: by polymerizing mixtures of mono- 
mers, copolymers can be made in which different 
chemical units follow each other in the resulting chain 
molecule in sequences which are approximately pre- 
dictable. We thus have the techniques available for 
the synthesis of new compounds of high molecular 
weight and, within reasonable limits at least, we can 
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design and make molecules with properties especially 
desirable for a given purpose. 


SYNTHESIS 


As has been suggested by the foregoing introductory 
remarks, the tools of the polymer chemist can be ap- 
plied to the problem of polyelectrolytes. All that is 
required is the synthesis of electrolytes which have 
high molecular weight and known structure. We may 
then study their properties and learn how these de- 
pend on concentration, temperature, dielectric con- 
stant, and structure, and how they are affected by the 
presence of other chemical compounds of low and high 
molecular weight. A much wider range of variables 
is obviously available than is offered by naturally-oc- 
curring substances, and we may hope that eventually 
some of the problems of the biochemist will be reduced 
to special problems in a broader field—that of poly- 
electrolytes in general. It should, of course, be em- 
phasized that the similarity sought between the nat- 
ural and the synthetie polyelectrolytes is electrical 
rather than chemical. We may, for instance, never 
learn the detailed sequence of amino acids in a protein 
molecule, but we may hope to synthesize a molecule 
which will be its electrical analogue. In other words, 
our goal is not the ambitious one of duplicating na- 
ture’s products in detail, but the more modest one of 
making models whose electrochemical behavior will 
resemble that of the biochemical substances. We may, 
then, be able to extrapolate from the known to the 
unknown. 

When possible in a research program, it is usually 


preferable to start with simple systems and gradually 


work up to more complicated ones. As our initial 
problem, therefore, we have been investigating strong 
polyelectrolytes of several kinds. Proteins owe their 
electrical properties to the presence of amino groups 
and carboxyl groups, both of which give rise to weak 
electrolytes. As has already been mentioned, a dis- 
cussion of weak electrolytes is complicated by the fact 
that dissociative equilibria must be considered as well 
as the effects of interionic Coulomb forces, whereas 
with strong electrolytes only electrostatic forces need 
to be taken into account. 

Three examples of synthetic polyelectrolytes will 
be described; all are based on the reaction between 
alkyl halides and tertiary amines. In a tertiary 
amine, such as trimethylamine, 3 of the 5 valence 
electrons of nitrogen are paired with electrons from 
the carbon atoms of the methyl, ethyl, or other alkyl 
group. We might indicate the structure by R,N:, 
where R stands for a methyl group and the colon 
indicates the remaining two electrons of the nitrogen. 
If an alkyl halide—for example, methyl bromide— 


046 


comes in contact with the amine, we may write the 


resulting reaction formally as an addition of the | 


methyl group to the pair of electrons to give a quate, 
nary ammonium ion, R,N*, a structure with net 
positive charge. Simultaneously, the bromine ato, 


of the alkyi halide becomes a negatively charged by, § 


mide ion, Br’, because the bromine nucleus is now gy. 
rounded by a swarm of electrons containing one nega. 
tive charge in excess of the positive nuclear charge of 
the bromine. In other words, two electrically nenty,) 
substances have reacted by electron rearrangement t) 
form two charged ions. The resulting compounj 
tetramethylammonium bromide, is a typical strong 
electrolyte which resembles sodium chloride in many 
of its properties. 

Now suppose we have a molecule which contuig; 
two tertiary amino groups, one at each end, such x 
R,N(. . .)NR,., and allow it to react with a dihalide 
Br(...)Br, with, say, bromine atoms at each end. By 
repetition of the simple reaction described above yw 
obtain a chain electrolyte: 


Br(.. .)N*R,(. . .)N*R,(. . .)N*R,(.. .) 
Br’ Br’ Br’ 


----N*R,(...)B 


Br’ 


In this compound all of the nitrogen atoms have le. 
come centers of positive charge, which are tied to 
gether by the carbon atoms symbolically indicated by 
(...). The bromide ions are small, negatively charged 
units which, in a solvent medium, are free to swim 
around within the coil of the polymeric chain or i 
the solvent medium between individual polymeric ions 
A similar compound is often obtained if one attempts 
to prepare a molecule with a halogen atom at one eni 
and an amino-nitrogen at the other. Meisenheima 
and Marvel have both described examples of this sort 
We may also make polyelectrolytes by first synthe 
sizing a chain molecule which contains tertiary nitro 
gen and then adding alky! halide to the resulting cou- 
pound. For example, condensation of succinic anby- 
dride and methyl-diethanol amine gives a polyester, 1 
which tertiary nitrogens are simultaneously chail 
atoms. Subsequent addition of methyl bromide give 
the desired polyelectrolyte. By varying the number 
of neutral atoms between the nitrogen atoms in bot 
this and the preceding compound, it is possible 
make chain electrolytes in which the charges appe! 
at different but known spacings along the chain. 
Vinylpyridine offers the possibility of the synthe 
sis of polyelectrolytes of somewhat different typ 
Vinylpyridine is superficially similar to the familie! 
styrene in that a vinyl group is attached to a ring ¢ 
6 atoms, and, just as in styrene, the vinyl groups W! 
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polymerize to form long chains, the rings being ap- 
pended to every other carbon atom of the chain. But 
there 18 @ significant difference between the benzene 
ring in polystyrene and the pyridine ring in poly- 
vinylpyridine : the latter contains a nitrogen atom 
yhich will again add alkyl halide to form a strong 


Electrolyte. The positive pyridonium ions are in this 


case not part of the polymer chain but are attached to 
it by carbon-carbon bonds. Here we may vary the 
spacing of the charges by copolymerizing a mixture of 
yinylpyridine and styrene; on treatment with alkyl 
halide, addition will naturally occur only at the pyri- 


S dine groups. And we can make chains which have, 


on an average, 1 ion to 10 chain atoms, 1 ion to 100 
chain atoms, or Whatever ratio we choose. 


Contrast WitH SIMPLE ELECTROLYTES AND NEUTRAL 
POLYMERS 


All of these strong polyelectrolytes possess one 
fundamental difference when contrasted with ordinary 
strong electrolytes like salt and hydrochloric acid. In 
the latter, both positive and negative ions are free, in 
the sense that they are capable of independent relative 
notion. In solution, we have (almost) a uniform dis- 


Ftribution of positive and negative ions; by this, we 
Bmean that any microscopic exploratory element of 


volume would encounter, on an average, equal num- 
bers of cations and anions as we move it through the 


fsolution. As we dilute such a solution, the average 


relative distances between all charges will increase. 
Not so, however, in the ease of the polyelectrolytes. 
In the examples described above the positive ions are 
bound to the polymer chain. If we imagined an ex- 


Btremely dilute solution, the negative ions could diffuse 
jaway from the positive polyion, but the individual 


positive charges eould, under the influence of their 
mutual repulsion, move apart only until the chain 


reached its maximum extension, after which further 


separation would become impossible. Consequently, 
the ionie distribution in a solution of polyelectrolyte 
is markedly different from that in one of ordinary 
electrolyte: instead of a uniform distribution of posi- 
tive and negative ions, we will find positive charges in 


sclusters, separated by solvent which contains only 
Pegative ions (except for possible impurities). The 
distribution of negative ions in the space between the 
polyeations will not be spatially uniform. Due to the 
high concentration of charge in the region of the poly- 
heric ions, bromide ions will be drawn into their vicin- 
ity by electrostatic attraction and will not act at all 
like the relatively free bromide ions in a solution of 
sodium bromide. 


The geometrical configuration of the polyion will 
ilso be quite different from that of a neutral polymer 
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molecule such as polystyrene, as a consequence of 
electrostatic forces. In very dilute solutions we would 
expect a rather extended configuration, as has already 
been mentioned. As concentration increases and bro- 
mide ions are drawn into the sphere of the polyion, 
internal repulsions will be compensated, and the nor- 
mal tendency of the chain to curl up will appear, 
possibly enhanced by interionic attraction of the sort 
which stabilizes a salt erystal. 

Let us now turn to a consideration of the observed 
properties of the synthetic polyelectrolytes in solution. 


VISCOSITY 


Perhaps the most striking property of these com- 
pounds is the high viscosity which they impart to a 
liquid. For example, an alcoholic solution containing 
only 7% of the butyl bromide addition product of 
polyvinylpyridine is 10 times as viscous as alcohol, 
and a 1% solution of a similar compound of lower 
molecular weight in water has over three times the 
viscosity of water at the same temperature. Polymers 
in general are known to increase the viscosity of sol- 
vents, and valuable information concerning the shape 
and size of polymer molecules may be deduced from 
the viscosity curves. The polyelectrolytes differ from 
the neutral polymers in that the magnitude of the 
viscosity increment is enormously larger and the shape 
of the curves is markedly different. The shape of a 
curve is the visual representation of the underlying 
mathematical function which connects two variables— 
here, viscosity and concentration. When we say, 
therefore, that the shapes of the viscosity-concentra- 
tion eurves are different for polyelectrolytes and 
neutral polymers, we are in effect saying that vis- 
cosity depends on concentration in two quite different 
ways in the two cases. This is best illustrated if we 
plot the ratio of viscosity increment over concentra- 
tion along the vertical axis against concentration. For 
neutral polymers, the data lie on a straight line, which 
climbs with inereasing concentration. For our poly- 
electrolytes, the data give a curve which climbs very 
sharply with decreasing concentration. 

Heidelberger observed in 1932 exactly this sort of 
viscosity curve for the sodium salt of the polysac- 
charide isolated from Pneumococcus III. Chemically, 
the two compounds are completely different: the syn- 
thetic material is a polypyridonium salt with a posi- 
tively charged chain, whereas the polysaccharide is a 
polycarboxylate with a negatively charged chain. It 
thus appears that, just as in the theory of ordinary 
electrolytes, the number and distribution of charges, 
rather than their chemical derivation, is the funda- 
mental variable in controlling physical properties 
of polyelectrolytes. As a matter of fact, if we vlot 
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‘both Heidelberger’s data and our own on the same 


graph, using a function which was empirically derived 
from the data on the polypyridonium compound, both 
sets of points fall on the same straight line. This 
necessarily indicates an underlying similarity despite 
the superficial difference in the two compounds. 

It becomes necessary at this point to introduce a 
few mathematical symbols to facilitate further diseus- 
sion. Suppose we denote concentration, our inde- 
pendent variable, by c. Let z stand for the measured 
dependent variable, the ratio of specific viscosity in- 
erement to concentration. Then the function which 
was found to represent the data within the limit of 
experimental error is written 


z=A/(1+BvVe) +D, 


where A, B, and D are numerical constants which ean 
be obtained from the data by simple arithmetic. 

For various reasons we suspected that the constant 
A would depend primarily on the size of the poly- 
electrolyte, while B would be a measure of the electro- 
statie interaction. By working with polymers of dif- 
ferent molecular weights, we could show that A did 
indeed vary in a systematic way with polymer size. 
But if we had been limited to working in aqueous 
solutions, we would have had to stop there. Fortu- 
nately, our polymers are soluble in a variety of or- 
ganic solvents such as alcohol, nitromethane, and 
dioxane; by measuring viscosities in different solvents, 
we could investigate the effect of media of different 
dielectric constant on the viscosity. We found that 
B increased with decreasing dielectric constant, which 
is what would be expected on the basis of Coulomb’s 
law if B were a measure of the intensity of electro- 
statie interaction. Consequently, it becomes possible 
to predict from measurements in one solvent the be- 
havior of a polyelectrolyte in a different medium. 

We are thus led to the assumption that the high 
viscosity of polyelectrolytic solutions and its concen- 
tration dependence are due to the presence of the high 
charge density at the polyions. We may now test this 
hypothesis by an experiment which it suggests. Ata 
given concentration we imagine the polycations to be 
surrounded by a space charge of negative ions, and, 
furthermore, we assume that some negative ions are 
held within the polymer coil by electrostatic attrac- 
tion. The aggregate acts like a droplet of concentra- 
tion solution with a net positive charge. The solvent 
between these clusters contains free-swimming anions. 
Suppose we add a simple one-one electrolyte like 
potassium bromide, which will put singly charged 
positive potassium ions and an excess of negatively 
charged bromide ions in the solution. By a simple 
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mass-action effect, under the influence of Coulomb) 
traction, we would expect the polycations to attrgfilMroxi 
more negative ions (which would be repelled from mhich 
negative ionic atmosphere) and thus reduce their oy, filme int 
net charge. If this happens, however, the long-rang filler 0! 
electrostatic effect on viscosity would decrease and, ip fmpith | 
the presence of a large enough excess of added electy, Moth | 
lyte, should vanish. This is just what one obseryyjimeript 
experimentally. Even as dilute a solution as 0.00] yi cert: 
potassium bromide as solvent eliminates the sharp rigfimmolven 
in the z-c curves near zero concentration and at sonp.f/nder 
what higher concentrations produces linear 
which closely resemble those of uncharged neutyjfmf ani 
polymers. 
A further test of this model ean be made if yimment. 
add other kinds of simple electrolytes—for examp),fimon b 
magnesium bromide also gives bromide ions and ,qggvailal 
doubly charged positive ion. Since the polycatiq: or | 
would strongly repel ions of like charge, we expect—[pouseq 
and find—that at the same bromide ion strength, map.fmequen 


nesium and potassium bromides have identical effegsjmmme ne 
on the behavior of the polysalt. On the other hanjjmment, v 
if we add potassium sulfate, where the negative info £ 
now has the double charge, we expect—and find— jane la 

ya di 


different result as compared with potassium broinié 
Similar effects have been found on the addition ofjjmmpcreas 


neutral salts to naturally-oceurring polyelectrolytajm lhe 
f ioni 

ELECTRICAL PROPERTIES obtai 

Dlvent 


Conductance is a characteristic property of i 
electrolytes, and a study of its dependence on tg 
pertinent variables results in a better understandig 
of molecular behavior and structure. Past researt 
has established certain general principles which my 
be applied to any conducting system. For a give 
charge, a small ion moves faster, i.e. has a higher com 
ductance, than a larger one. The higher the cham 
on an ion of given size, the more current it carries al 
hence the higher the conductance. At a given co 
centration, a given electrolyte has a lower conductand 
in a solvent of lower dielectric constant, because 
creased association of oppositely charged ions und 
the influence of electrostatic attraction decreases ‘) 
relative number of ions free to carry eurrent in 
latter case. With dilution, conductance increases, 
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to decreasing intensity of long- and short-range 10! — 
interaction. The conductance of the polyelectroly peorbe 
was therefore studied in various solvents in order! elect 
see what might be learned by applying these p™ P orig 
ciples to the observed experimental facts. mn 


The very first measurements of conductance show 
that the polyelectrolytes were strikingly different {™ 
ordinary electrolytes. One conventionally plots t 
equivalent conductance against square root of con® 
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ation; On this seale, where familiar electrolytes ap- 


n 

voximate linearity, the polyelectrolytes give curves 
10 thefmphich are convex to the concentration axis. This may 
r ome interpreted as due to a change in the relative num- 
rangefmmer of conducting particles, to a change of mobility 
nd, s Bi; concentration, or to a simultaneous change of 


th variables. Our results show that the latter de- 
ription best fits the facts. At a given concentration 
certain fraction of bromide ions are located in the 
ivent between polycations and are free to migrate 
der the influence of external electrical fields. The 
ye polymeric ions have a certain average number 
i anions associated with them, but still have a net 
sitive charge and hence also contribute to the cur- 
if yement. Now suppose we decrease the total concentra- 
on by adding more solvent: since more space is 
ind yaggvailable, some of the bromide ions previously bound 
cating or in the polyions will move away from them as a 
ect-famgponsequence Of normal Brownian motion. Two con- 
“may. bquences appear, both of which increase conductance: 
sffecaamme newly released anions increase the negative cur- 
hanjment, whereas the contribution of the positive ions is 
¢ inmow greater because of their increased net charge. 
nde latter effect will, to some extent, be compensated 
inidefammy 2 dilation of the polyion under the influence of its 
on internal field. 
lye The most direct experimental proof of the existence 
f ionic association in the ease of the polyelectrolytes 
obtained if we compare the conductance in different 
plvents. In a series of nitromethane-dioxane mix- 
res, for example, the conductance at a fixed concen- 
smmetion steadily decreases as the dioxane content of 
e solvent inereases. Since dioxane has a dielectric 
nstant of only 2.2 while that of nitromethane is 
arly 40, this result is what would be expected on 
e basis of our model. Finally, by studying the 
mductance of salts of copolymers of styrene and 
inylpyridine, it was possible to estimate the fraction 
{ current carried by the two species of ions present, 
tanaqme Small bromide ions and the large polyions, Again, 
imme’ Variation with structure was in agreement with 
uniqmedictions based on the model. 
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1s t One other electrical property requires mention. 
th ole has shown that a variety of naturally-oeceurring 
;, oe branes have a striking similarity in their behavior 


name 2lternating electrical fields. A plot of the power 
oly bsorbed per cyele in the membrane against its 
ler electric constant gave a circular are, regardless of 
origin of the membrane. Copolymer salts of the 

‘Pe mentioned in the last paragraph are insoluble 
iowa “ater when the styrene content is high. Mem- 
were made from them, and their a-e properties 
measured. The impedance locus turned out to 
nee “lrcular are also. This observation suggests that 
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some of the properties of biological membranes are 
due to the presence of ions which are immobilized in 
the structure of the membrane, similar to the pyri- 
donium ions in the synthetic membranes. 


Osmotic PRESSURE 


The last property of polyelectrolytes which we shall 
discuss is osmotic pressure. For over a century the 
osmometer has been a useful tool in research, both on 
natural and synthetic compounds, because, in effect, 
it permits us to count the number of molecules which 
are contained in a given weight of sample. Van’t 
Hoff’s theoretical treatment of the problem was largely 
based on the data obtained by the botanist, Pfeffer. 


.Very briefly stated, measurement of osmotic pressure 


permits determination of the molecular weight of 
molecules in solution and—still more important—gives 
information bearing on molecular interaction. Solu- 
tions of macromolecules gave osmotic pressures which 
were quite puzzling, until Flory and Huggins formu- 
lated a theory which showed that the deviations from 
behavior predicted on the basis of classical theory 
were due to entropy terms arising from the many 
configurations which, because of its flexibility, a chain 
molecule could assume in solution. Similarly, early 
work on osmotie pressures of protein solutions gave 
results which could not be correctly interpreted until 
the significance of the isoelectric point was emphasized 
by Loeb and until the effects of Donnan equilibria 
were considered. Except at the isoelectric point, the 
osmotie pressure of a protein solution is higher than 
corresponds to its moleculer weight, due to the pres- 
ence of accompanying counter ions. 

Measurements of the osmotic pressure of synthetic 
polyelectrolytes have given similar results. In aleohol 
the osmotic pressure is over an order of magnitude 
greater at a given concentration than that of a neu- 
tral polymer of the same molecular weight. On the 
other hand, the pressure is, by far, less than would 
correspond to each bromide ion and each polyeation 
contributing to the total pressure; we therefore find 
confirmation of our previous conclusion that poly- 
electrolytes are highly associated in solution. 

With the pyridonium salts there is, of course, no 
analogue of the isoelectric point, because they are 
strong electrolytes and not ampholytes. The situation 
at the isoelectric point may, however, be simulated by 
the addition of an excess of simple electrolyte to the 
strong polyelectrolyte. When, for example, lithium 
bromide is added to aleoholie solutions of the poly- 
pyridonium salts, the osmotie pressure is very much 
reduced and is not greatly different from that which 
a neutral polymer of the same molecular weight 
would give. This result, of course, parallels our ex- 
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periment with excess added electrolyte in the case of 
viscosity and leads to the same conclusions concerning 
association. 

CONCLUSION 


The purpose of this presentation has been to sum- 
marize some recent work on the physical chemistry 
of synthetic polyelectrolytes. In three fields—hydro- 
dynamics, electrodynamics, and thermodynamics—we 


could be described, at least qualitatively, in term, r Aft 
the chain model of neutral macromolecules combin.fimAfric¢ 
with the effects of electrostatic forces. Similaritigimmhe 1 
between the behavior of proteins and polysaccharij.immamp! 
and that of the synthetic polyelectrolytes suggest tj 2 
a better understanding of the biological materials ny Du 
be attained through a study of the synthetics, thanks ere ( 
to the controllable variability which the latter ofjmmend 
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University of California African Expedition— ~ 
imat 

Southern Section - 


Charles Camp 


Berkeley, through the Museum of Paleontology, 

has, during the past 15 months, sponsored a 
program of scientific work in southern Africa. The 
primary purpose has been to search for further fossil 
evidence of the anatomical form, habits, environment, 
and geological age of the remarkable australopithecine 
man-apes first described by Prof. Raymond Dart and 
elaborated by Dr. Robert Broom. 

Another important objective was a coordinated se- 
ries of anthropological studies on the primitive tribes 
of northern South-West Africa, where conditions have 
been favorable for the preservation of ancient customs 
and tribal life. Attention was directed to ethnology, 
linguisties, physical and eultural anthropology, psy- 
chology, ethnobotany, ethnozoology, and musicology 
among the Ovambo. Some work was also done among 
the Kung Bushmen and the few surviving Hottentots 
who retain traces of their original culture. 

A program having to do with recent and fossil 
plants has been earried out successfully. Extensive 
collecting of recent amphibians, reptiles, mammals, 
and insects, including protozoan parasites of termites 
and studies in ethnoentomology, are being conducted 
by two members still in the field. 

Work began in August 1947 with a survey of 
Cretaceous localities near Port Elizabeth. Early in 
September the two paleontologists, Frank Peabody 
and the writer, accompanied a geological excursion ar- 
ranged by Dean George B. Barbour, of the University 
of Cincinnati. Quaternary cave and travertine sites 
were visited from the Makapaans valley and Thaba 
Zimbi, 200 miles north of Pretoria, south to Taungs, 
100 miles north of Kimberley. Members of the party 
included Profs. Alexander du Toit, Raymond Dart, 
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C. J. VanderHorst, C. van Riet Lowe, and Dr. §. 
Haughton, the head of the Geological Survey. 
Under their counsel it was decided to commene 
operations at the works of the Northern Lime (Con 
pany, near Taungs, and as close as possible to tk 
old type-site of Australopithecus. During the net 
6 months some 30 sites were investigated in the vicir. 
ity, along the eastern edge of the Kaap Plateau frnugmm 
Boetsap to the quarries north of Norlim. 
The earliest breccias—gray, water-washed, gravd 
conglomerates at the base of the Norlim lime biseut 
—contain antelope and horse remains and no crushed 
baboon skulls such as are found in the superveniyy 
pink sandstone breccias in the Australopithecus mm 
Above the pink breccias the travertine spring deposit 
are honeycombed with later, filled eaves and vertiedl 


pipes containing dark brown earths and secondangumter 
lime. Many of these contain late Pleistocene artifacimm he 
lant ¢ 


and ash deposits. Still younger caves, along the oute 
margins of the lime bodies, remain as open cavitiggge?0Wt 
in which may be found brown and yellow earth, dutgme"¢\ 
ash, and bat and hyrax guano. Artifacts of pegmrtich 
Bushman and Bushman types occur in these momggge’)y 


recent deposits. The 

Middle Stone Age artifacts sealed in place in soles tv 
ified cave floors occur with human teeth and manulggette P 
bones, south of Norlim, and the same type of artifaqqyp’'Y ° 
were found in yellow sandy travertine at Mooiplitym w 
60 miles north of Zeerust. . = 

It is therefore believed that a number of sequentil mith ‘ 
stages of Quaternary history will become recognizall An 
when the faunas and artifacts are studied. None he N; 
the man-ape sites contains evidence of fire or artifacts The 
They must antedate the abundant caves in which art oe 


faets occur. 
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After a month in the Mesozoic of South-West 


~ sfrica and a tour of 6 weeks in the reptile beds of 
Karroo, work was begun at Gladysvale, where 
arid samples were taken from the immense bone deposits 
2 stratified sequence of cave fills. 

During the. period April-July 1948, excavations 
hank ere conducted at Bolt Farm, near Sterkfontein caves, 
oft nd at adjoining farms and lime pits. Material was 


B.cured from 26 pits which apparently vary in age 

»s they do in fossil content. The pink breccias in 
“His area contain rare remains of man-apes as well 

bs a host of mammals. The abundant rodent and in- 
ectivore remains (owl breecias) may serve to indicate 
jimatie conditions. An elephant tooth should aid in 
lating. Australopithecine femora associated with 
Baboon skulls were found in the pink breccias in two 
Am) its. The baboons, ranging from small, short-snouted 
Epecies to some with jaws larger than those of a man, 
hould be valuable as horizon markers. 
S. Hime A small sabre-cat, represented by three skulls and 
»ssociated skeletal parts, seems to have been responsi- 
mengiammble for the litter in one eave; another may have been 
n jackal lair; and still others contained hyena, baboon, 
mall monkey, pig, and a large series of antelope, 
arnivore, and horse bones and teeth. 
Reptilian and amphibian material from the Karroo 
was secured mainly in the upper zones of the Beau- 
fort and the Stormberg. Skeletons of late mammal- 
ravdmmke forms, Cynognathus, Trirachodon, and others, 
iseutmvere obtained near Rouxville. An average of four 
ushelmmeood specimens were taken each day during the 6- 
enivammreek period, indicating the great wealth of fossils 
nnmmmeonstantly coming to light as these soft beds are 
posiymeroded away. The Bernard Price Foundation has 
rticlmme'ven the University a fine lot of additional Karroo 
ndaynaterial in exchange for the use of a truck. 
facts There is no other known area where such an abun- 
outergmeant and varied reptilian fauna occurs. The earliest 
mown ancestry of the mammals, the crocodiles, the 
wards, and the turtles is represented in these beds, 
which also provide a good view of the history of 
extinet reptilian families. 

The vertebrate history represented in South Africa 
solids two main gaps in the North American record—the 
nuilfge’te Permian and Middle Triassic, and the early his- 
of man. 
plats It was with these thoughts in mind that the paleonto- 

mecical program was organized, and it was carried out 
mth generous assistance from the Geological Society 
Mf America, the American Philosophical Society, and 
he National Academy of Sciences. 
The geological work was done by Profs. Barbour 
ind Peabody and the writer, and a report on the 
mungs area is now being completed. New evidence 
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concerning distribution of Mesozoic beds and faunas 
in South-West Africa is being incorporated into the 
latest edition of du Toit’s Geology of South Africa. 

Through the courtesy of Prof. C. Van Riet Lowe, 
head of the Archaeological Survey and the Department 
of Archaeology, Witwatersrand University, a member 
of his staff, Dr. B. M. Malan, accompanied and guided 
two members of the expedition on a three-week ex- 
ploration of Wonderwerk Cave, near Kuruman. A 
sequence of levels in this large cave produced evidence 
of cultures as far back as early Stone Age, ac- 
companied by faunas. 

Artifacts collected by the Expedition are now being 
studied by Dr. Malan, and duplicate series will be 


_sent to us after the papers are written. 


The anthropological survey in all its branches was 
conducted by the ethnologist, Dr. Edwin M. Loeb. 
On the first long trek into Ovamboland his party 
consisted of Dr. and Mrs. Loeb, the artist and photog- 
rapher; Boris Iflund, the psychologist; the two musi- 
cologists, Mrs. Laura Boulton and Charles M. Camp; 
and Mr. Erie W. Williams, the technician from Prof. 
Dart’s laboratory of physical anthropology at Wit- 
watersrand University in Johannesburg. 

A second expedition to South-West Africa by the 
Loeb party was made in the spring of 1948 and was 
accompanied by Dr. L. H. Wells, the physical anthro- 


pologist from Prof. Dart’s staff, and by Dr. Carl 


Koch, the entomologist. 

Ethnological work was chiefly concentrated on the 
Kuanyama Ovambo. Preliminary data have been 
published by Dr. Loeb in African studies (Wit- 
watersrand University, March and September 1948). 
He states: 


The Kuanyama are a dual culture resulting from the 
admixture of cattle-raising Hamites from the north with 
the agricultural (hoe culture) negroes of Africa. These 
two layers were probably superimposed on a primitive 
hunting and fishing culture similar to the Bushman. A 
study of the isolated primitive Kuanyama culture will 
give a new appraisal of the resulting contacts between 
hoe-agriculture and early cattle-raising peoples, not only 
as elsewhere in Africa, but in the Mediterranean World, 
as well. For example, the agricultural peoples in the 
areas tend to be matrilineal, whereas the cattle-raising 
peoples are uniformly a patrilineal social organization. 
These agricultural peoples have developed the plastic 
arts, but the politically minded cattle-raisers have neg- 
lected the plastic arts and have tended to dominate the 
more passive agricultural peoples, suppressing the women 
and children in their social relations. The correlation 
of ethnological traits with the psychological studies of 
the individual personality will show the overt and intro- 
vert adjustments of age and sex groups to the complex- 
ities of a dual agriculture and cattle-raising organization. 
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Data were secured on a wide range of ethnological, 
linguistic, psychological, and physical problems. 
Measurement indices seem to indicate the presence of 
Hamitie trends in the Kuanyama and of Mongoloid 
in the Bushman. 

Plastic facial and bodily masks and casts, physical 
measurements, photographs, cinematographs, Koda- 
chrome and Ectachrome slides and transparencies, and 
drawings and paintings were obtained. Extensive 
grammatical notes, word lists, translations of texts, 
and phonetic data were made. Cultural objects col- 
lected include articles of dress, utensils, and weapons. 

The botanical work, independently carried on by 
Mr. Robert J. Rodin, of the University Herbarium, 
resulted in the collection and identification of 35,000 
pressed plants, 500 live plants, mostly succulents, as 
well as seeds, bulbs, seaweeds, fossil leaves, and wood 
from the petrified forest discovered in the Kaokoveld 
by the Expedition. Forage grasses from the Kalahari 
were obtained for the agricultural experiment stations 
and may prove to be serviceable on the arid ranges 
of the southwestern United States. Ethnic and medic- 
inal plant uses were recorded in the native territories, 
and seasonal plant food charts were obtained as a 
contribution to ethnobotany. Cooperation was se- 
cured from the members of Dr. Loeb’s party, with 
whom Mr. Rodin stayed for a time, and from the 
botanists, botanical gardens, and herbaria of South 
Africa and Kew Gardens in England. Dr. Koch and 
Mrs. Loeb also added to the plant collections. In- 
teresting studies and color photographs were made 
of the peculiar xerophytic floras of the Namib Desert, 
especially of the curious relict gymnosperm, Wel- 
witschia (Tumboa). 

Mr. Rodin collected in the mountains of southern 
Rhodesia as well as throughout South and South-West 
Africa. 

Mr. Thomas J. Larson, the mammalogist, obtained 
1,000 study skins of recent mammals as well as skulls 
and skeletons for comparison with fossils from the 
Quaternary caves. Among the mammals are a good 
series of recent baboon skulls, lion skulls in several 
growth stages, a skeleton of the rare insectivorous 
hvaenid, Proteles, series of golden moles, elephant 
shrews, embryological and complete material in alcohol 
for anatomical study. Special attention was paid to 
rodents, antelopes, and other forms commonly found 
in the fossil deposits. Several hundred specimens of 
amphibians and reptiles were collected by Mr. Larson 
and other members of the Expedition. 


The entomologist, Mr. Carl Koch, arrived fron 
Austria in April 1948 and joined the second [pg 
party into Ovamboland. In that short time he 
lected some 30,000° insects, especially tenebriogy 
beetles, and also protozoan parasites of termites fr, 
regions where such material has not previously hy 
collected. He and Mrs. Loeb have listed the uses 
over 30 animals, and he has also determined gop, 
interesting uses of insects in native food, magic, aj 
poisons. His continued work this fall will carry jig 
again across the Kalahari and into Ovambolayj 
Portuguese Angola, and the Kaokoveld. 

Native songs and instrumental musie permeate jj 
life of the tribes, as long as tribal life is allowed y 
continue. With the decay of the tribal communitis 
and the incursion of white influences, this stimulatiy 
and unique phase of the South African scene yj 
disappear. Native music has developed into rhythni 
forms which are more complex and interesting thy 
those in other parts of the world. The accuracy aj 
effectiveness of these patterns of interlocking rhythy 
earry African music into a sphere of its own. 

The Expedition devoted attention to recording aij 
translating songs, chants, dances, and instrument 
and orchestral material. A panel van was fitted y 
with a large Presto recorder run by batteries, anf 
records were made among many native grow 
throughout South Africa, South-West Africa, north 
ern and southern Rhodesia and central Angola. 

Mrs. Laura Boulton was with the party during 
first half of the year; during the second part lh 
Hugh Tracey and his newly established Afric 
Musical Research Institute gave exceptional aid 1 
Mr. Charles M. Camp, of our group. The near 
1,000 recordings which were secured will be availabi 
to students at Berkeley and Los Angeles. Mr. Trae 
has also agreed to send further recordings and trans 
tions made by his laboratory to the University andt 
provide means for students from the University @ 
study in the field. In return for this, Mr. Tracey lt 
been supplied with copies of records made by Mt 
Camp this spring, as well as the use of transportatit 
facilities. 

The Expedition is deeply grateful to the Gene 
Motors Corporation, the Shell Qil Company, & 
Presto Company of New York, the Farrell Steams)! 
Lines, Ingersoll-Rand Ltd., of Johannesburg, ™ 
Union Defense forees of South Africa, the Univers! 
of Witwatersrand, and many other individuals, 
cials, and institutions for generous aid. 
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iennial Meeting of the International Astronomical Uniun 


Harlow Shapley 
Harvard College Observatory 


N THESE TIMES, when the difficulties of com- 
munication and cooperation between eastern Euro- 
pean countries and those of western Europe and 
(erica are much emphasized, it is worth noting that 
ronomers from Finland, Russia, Poland, Czecho- 
Byakia, Hungary, Austria, and eastern Germany 
ined western astronomers in attending the triennial 
ting of the International Astronomical Union in 
rich, Switzerland, in August of this year and took 
active, but by no means dominating, part in the 
ythuigck-long activities. The Russian astrophysicist, V. 
& tha Ambartsumian, was elected to one of the vice- 
CY aesidencies of the Union. Th. Banachiewicz, of 
rhythaiacow, Poland, is the new president of the Com- 
Massion on the Motion and Figure of the Moon; A. 
ng «Mikhailov, director of the Pulkowa Observatory 
meniiihich is now being reconstructed after its complete 
ted wiBctruction during the siege of Leningrad), has been 
8, wade president of the Commission on Astronomical 
Service; and B. W. Kukarkin,-of Moscow, 
nor the new vice-president of the important Commission 
™ Variable Stars. 
ng tM The Union assigned to a group at the Moscow 
rt MilMbservatory, working under the supervision of an 
friea@ternational committee, one of the most important 
aid Wirvices provided for general use by observers, namely, 
nearime cataloguing, ephemeris-computing, and publica- 
ailabi@ion of variable stars. 
Traci The Academy of Sciences of the USSR, through 
rans astronomical section, invited the Union to hold its 
and ext meeting in Leningrad in 1951. An invitation for 
sity G51 was also received from the Mount Wilson and 
ey Observatories. 
yy MMi The Zurich meeting was the seventh since the organ- 
rtatmation of the Union at the end of World War I. At 
rier meetings the Union had worked on problems 
ene cooperation in special fields, such as the variation 
y, & latitude, the business of time-keeping, the system- 
sii following of sunspots, and the mapping of the 
, TMs on a uniform basis. The present activities of 
versie Union inelude these among many others. They 
s, Oe handled by nearly 40 international commissions. 
‘cause of the large number of active observatories 
the United States, the American astronomers are 
merous in the personnel of the commissions and 
Ere elected to many of the presidencies. The Amer- 
1 presidents and their commissions are as follows: 
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Yerkes Observatory—S. Chandrasekhar (constitution 
of the stars), Otto Struve (interstellar matter) ; 
Mount Wilson Observatory—Walter Baade (star 
clusters), E. P. Hubble (extragalactic nebulae); U.S. 
Naval Observatory—G. M. Clemence (celestial me- 
chanies), Paul Sollenberger (variation of latitude), 
C. B. Watts (meridian astronomy) ; Yale Observatory 
=-Dirk Brouwer (minor planets, comets, satellites) ; 
Brown University—Otto Neugebauer (history of 
astronomy); Bureau of Standards—W. F. Meggers 
(standard wave lengths); Harvard Observatory— 
Zdenek Kopal (close binaries), D. H. Menzel (solar 
eclipses), Harlow Shapley (international observa- 
tories), F. L. Whipple (meteors). 

The new president of the International Astronomical 
Union is Bertil Lindblad, director of the Stockholm 
Observatory, and the general secretary is Bengt 
Strémgren, director of the Royal Observatory of 
Denmark. 

Among the activities of particular interest at the 
Zurich meeting were the following: 

(1) A new commission on microwave astronomy 
was set up. Much interest has developed during and 
sinee the war in the use for astronomical exploration 
of the radio waves in the interval from 1 em up to 15 
m in length. The astronomical applications include 
the recording of meteors in daylight and in any kind 
of weather through the use of radio echoes; the 
bouneing of radio waves off the moon; the newly 
diseovered solar “noise”; and the cosmic static which 
appears to be registering both the Milky Way 
(especially the nucleus) and some strange “hot spots” 
in space. The Australian, English, and Canadian 
astronomers and physicists have taken the lead in this 
field, and an Australian, Richard Woolley, is the 
president of the new microwave commission. 

(2) The report by the director of the International 
Bureau on the Variation of Latitude, Luigi Carnera, 
of Italy, contained an analysis of the wanderings of 
the poles of the earth during the past two deeades. 
The results were derived from observations provided 
by an international group of stations located on the 
same latitude circle in Russia, Japan, Italy, Maryland, 
and California. Apparently only the Russian and 
Japanese stations were uninterrupted during the war. 

(3) Bernard Lyot, the distinguished French astro- 
physicist who invented the coronagraph, brought to 
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the meeting and displayed effectively a new device for 
the detailed study of the surface of the sun. It is a 
birefringent light-filter, similar to those in use at 
Harvard’s station at Climax, Colorado, but with a 
narrower transmission band (0.8 A) which permits 
the high resolution of solar features and the study 
of finer details. 

(4) Grants-in-aid were made for a dozen interna- 
tional projects in Poland, Denmark, Italy, France, 
England, and the United States. (The Union’s ex- 
penses are borne by levies on the participating mem- 
ber-nations.) The three grants to Americans were 
made to assist in (1) publication of a table of wave 


lengths prepared at the National Bureau of §t4 
ards, (2) revision and publication of the Yale (4, 
logue of Stellar Parallaxes, and (3) operation o 
bureau in the Cincinnati Observatory for  gpoqj 
studies on the minor. planets. 

The most serious difficulty in holding such inter, 
tional meetings at the present time is associated wid 
monetary exchanges. Swiss franes could not be , 
tained by many members who otherwise would hy 
attended. Thanks to a grant from UNESCO and, 
private gifts, mostly from American astronomers, 
number of German and Austrian astronomers woe 
able to attend. More than 50 Americans were presen 


TECHNICAL PAPERS 


Variation Induced by Uranium Nitrate in 
Corn Smut and the Cultivated Mushroom 


E. C. STAKMAN, J. M. DAty, M. L. GATTANI, and I. WAHL 


University of Minnesota (General Research Fund, 
Graduate School), St. Paul, Minnesota 


The addition of uranium nitrate, UO,(NO,),.-6H,O, to 
potato-dextrose agar at the rate of 0.5-1.0 gm/liter has 
stimulated mutation in the cultivated mushroom, Agari- 
cus campestris, and both mutation and an unusual type 
of dissociation in the ordinary corn smut fungus, Usti- 
lago zeae. 

The experiments on Ustilago zeae were made with two 
monosporidial haploid lines, designated as 10A4 and 
17D4, and with several monosporidial diploid lines re- 
sulting from crosses between the two and designated as 
410qq and 410n. Line 10A4 is very stable under a 
normal range of conditions, and 17D4 is moderately mut- 
able. As these lines are haploid and unisexual, neither 
will cause infection when inoculated singly into corn 
plants. When corn is inoculated with a combination of 
the two, however, infection results, and galls containing 
morphologically normal chlamydospores are formed. On 
germination, however, a high percentage of the promy- 
celia produced by the chlamydospores undergo partial 
or complete autolysis at various stages of development 
because 10A4 carries a dominant factor for this char- 
acter, which is associated with a tendency for sporidia 
to be diploid instead of haploid. 

Monosporidial diploid lines, like haploid lines, can be 
propagated on artificial media but can cause normal in- 
fection when inoculated singly into corn plants, with 
consequent production of normal galls and chlamydo- 
spores. The diplophase may persist for several succes- 
sive chlamydospore generations and usually has persisted 
indefinitely when diploid lines are grown on artificial 
media. Numerous attempts to induce reduction division 


or dissociation into haploid parental types on artifici 
media had failed until uranium nitrate was added t 
the medium. 

Diploid line 410qq, intermediate in cultural characte 
between its parents, 10A4 and 17D4, but resembling 
the unstable 17D4 somewhat more closely, produced 
unusually large number of mutants when grown 0 
potato-dextrose agar containing 1 gm/liter of uraniy 
nitrate. This was true of 17D4 also. Some of the m 
tants of 410qq resembled 17D4 and some of its mutant 
closely in cultural characters; they failed to cause infe 
tion when inoculated singly into corn plants but caus 
normal infection when combined with 10A4. It appear 
therefore, that uranium nitrate induced reduction divi 
sion or some other type of nuclear change that resulte 
in the dissociation of the 17D4 factors for cultur 
characters, sex, and pathogenicity from their combin 
tion with those of 10A4. No lines were obtained tha 
resembled the 10A4 parent closely. The results ar 
definite, but precise explanation for them is lacking. 

Extensive experiments were then made on the effect 


of uranium nitrate on frequency of mutation in 10A%@ 


17D4, and diploid lines 410n, which resembles 10A¢! 
cultural characters, and 410qq, which resembles 17D 
In the relatively unstable lines 17D4 and 410qq, * 


times as many mutants appeare;i on the medium cil 


taining uranium nitrate as on that without it, the rau 
varying with the line of smut, the concentration 
uranium nitrate, and the temperature at which the ol 
tures were grown. With the relatively stable lines 104 
and 410n, the effect of uranium nitrate was even m0n 
pronounced, although their mutants have not yet be 
studied thoroughly. There is evidence also that the um 


ber of mutants produced in liquid media containiM 


uranium nitrate may be even greater than on agar. 
Primary and secondary mutants of 17D4 have be! 
studied extensively, primary mutants being those ¢ 


rived directly from 17D4 and secondary ones, tho 
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rived from the primary ones. The most noteworthy 
fact about the 180 mutants studied are that all 10 of 
primary ones grew better than 17D4 on uranium 
sitrate medium, that none of the 180 have lost any es- 


d 


of the 


otial growth factors, and that some of them exceed 
17D4 in certain characters such as color and rate of 
growth. 
wil Studies with monosporous isolates of the cream variety 


the common cultivated mushroom, Agaricus campestris, 
hayililyave yielded similar results. Uranium nitrate and other 
id (pranium salts have induced mutants whose growth on 
wrtificial media is from 5 to 7 times that of the original 
ines, a8 Getermined by dry weight of mycelial mats. 
Moreover, spawn of some mutant lines has produced 
mushrooms earlier than that of the checks, and the color 
was white instead of brownish. 

The agar containing uranium nitrate is mildly radio- 
yctive, as determined by Dr. Alexander Hollaender, Oak 
Ridge National Laboratory. 

It is suggested that the addition of uranium nitrate, or 
other similar salts, to nutrient media may be a simple 
und useful means for inducing desirable mutations in at 
jeast some microorganisms. 


Changes in the Blood Following Exposure 
‘lingo Gaseous Ammonia 


d af 

C, Scumipt and Doris C. VALLENCOURT 
niu 

mu Department of Chemistry, Indiana University, and 
‘ant Putnam Memorial Hospital, Bennington, Vermont 
fee 

m The use of ammonia as a solvent and as a reagent has 


pened a new field, and many chemical industries are 
using anhydrous liquid ammonia in large quantities. Be- 


a ause of leaks in reactors and the transfer of ammonia, 
a the concentration of gaseous ammonia in the air can be 
a Mf such amounts as to have definite physiological effects 
” te long exposure. Such has been the case in these 


laboratories, where investigations utilizing anhydrous 
bquid ammonia have been carried out over a period of 15 
ears. Students have noticed such physiological effects as 
m@tial exhilaration and increased frequency of respira- 
tion with subsequent exhaustion lasting several hours after 
posure. There seems to be no lasting detrimental effect, 
however. 

It was thought that it would be interesting and profit- 
pble to collect some data pertaining to the accumulation 
Mf ammonia by the blood through breathing as a by- 
noduct of these investigations. 

It has been known for some time that inhalation of 
immonia lowered the blood pressure, but no quantitative 
uta pertaining to this are available. A study has been 
ude to show how the blood pressure varies with time 
hen breathing a constant concentration of the gas. In 
his paper is also presented the change in the NPN (non- 
| notein nitrogen) and the carbon dioxide-combining 
“er of the blood plasma. 

f In these studies the air in the room was kept at a 
wstant concentration of ammonia, varying less than 30 
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ppm over 4 hrs. The ammonia concentration was de- 
termined twice during this time, at the beginning and at 
the end. Samples of air were drawn into an evacuated 
flask, the volume computed to 760 mm, 25 ml of water 
added, and the solution titrated with 0.1 normal acid. 
The concentrations of ammonia in the air varied between 
530 and 560 ppm. 
TABLE 1 


1, VARIATION OF NPN AND AMMONIA WITH TIME OF 
BREATHING GASEOUS AMMONIA 


Time of 


Crea- 

(hrs) & Yeo & To & Fo (mg %) 
Normal 27.0 00.0 15.0 1.5 

1 37.0 12.1 15.0 1.6 

2 45.0 21.9 15.0 1.6 
ae 50.0 27.9 15.0 1.6 

4 57.0 36.4 15.0 1.6 


2. CHANGE IN THE NPN AND AMMONIA WITH TIME AFTER 
CESSATION OF BREATHING GASEOUS 
AMMONIA FOR 3 HRS 


Normal 27.0 00.0 13.0 1.5 
1 47.5 24.9 13.0 1.5 
2 40.5 16.4 13.0 1.5 
3 32.5 6.6 13.0 1.5 


The subject, the senior author, remained in contact 
continuously with the air-gas mixture. Samples of his 
blood were drawn at regular intervals from a vein in the 


I 2 3 4 
HOURS 


Fie. 1. Rate of change in the blood NPN upon ex- 
posure to ammonia: (A) absorption of ammonia by the 
blood, (B) elimination of ammonia by the blood. 


arm and were analyzed for NPN, urea, and creatinine ae- 
cording to the method of Folin and Wu (1). The carbon 
dioxide-combining power of the blood was determined by 
the method suggested by Van Slyke and Cullen (2). pH 
determinations of the whole blood were made before and 
after breathing ammonia for 3 hrs, by means of a 
quinhydrone electrode. No significant change was noticed 
(7.35; 7.29). 

As shown in Table 1 and Fig. 1, the NPN and am- 
monia vary regularly with time, while the urea and 
creatinine content of the blood show no variation what- 
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soever. Upon cessation of breathing ammonia, the NPN 
drops regularly to the normal value, but at a slower rate 
than it was absorbed. It was thought at first that there 
would be an increase in the urea content of the blood 
through conversion of ammonium carbonate into urea, 
but such does not seem to be the case. An examination 
of the urine for excess urea and ammonium salts over the 
normal gave no further clue. The amount of increase 
in the urea or ammonium salt formed by the ammonia 
inhaled would be insignificant compared to the normal 
amount excreted in a 24-hr sample. 


, TABLE 2 


DIOXIDE-COMBINING POWER OF THE 
B.Loop PLASMA 


CARBON 


Time (min) Volume (% CO,) 


Series I 
0 56 
120 57 
180 57 
Series II 
0 52 
90 48 
Series III 
0 52 
60 53 
120 50 


The carbon dioxide-combining power of the blood 
plasma apparently is not impaired by the accumulation 
of ammonia, as is illustrated in Table 2. 


| 


ISO 


BLOOD PRESSURE(mm) 
he) 


100 


30 60 90 120 150 
TIME (MINUTES) 


Fic. 2. Change in blood pressure with time upon 
exposure to gaseous ammonia. 


The pulse rate, determined at regular intervals during 
each experiment, was found to be constant. Blood pres- 
sures taken on the subject showed a regular drop after 
the first 35 min of inhalation. A typical determination 
is shown in Fig. 2. 

No attempt is made to explain the mechanism of the 
absorption of ammonia by the blood. The authors feel 
sure, however, that it is a chemical process and not a 
physical one. It seems to be a second-order reaction. 
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The data are presented in the hope that more work y; 


gme ag 


be done on this problem. mecium 
wth | 
References a of | 
1. Fouin, O., and Wu, H. J. biol. Chem., 1919, 38, 91 F logue 
2. Topp, J. C., and Sanrorp, A. H. Clinical diagnos), 
lavoratory methods. Philadelphia: Saunders, 1949 
Inhibition of Mitotic Poisoning by 
meso-Inositol* 
ERWIN CHARGAFF, ROBERT Srewagy 
and BoRIs Macasayy 
Department of Biochemistry, Columbia University Media 
New York, and Plant Industry Statiojm (™/- 
U. 8S. Department of Agriculture, Beltsville, Marylanj aman 
The studies briefly reported here stem from sever — 
observations recorded in the literature. The strong in Bult 
secticidal agent, y-hexachlorocyclohexane (Gammexane} 
has a cytological effect on Allium Cepa similar to th, ' 
of colchicine. It produces the phenomenon known 4 
e-mitosis, which is characterized by the arrest of nucleg 
division in the metaphase and, on longer exposure, form 
TABLE 1 VI 
TUMOR FORMATION 
Medium* Medium* 
(mM/liter) (mM/liter) 
* See 
e-Tumorst e-Tumorst t 
Mitotic Mitotic 
poison agent poison agent 
the 
0.025 — (2) 0.035 + (4) mmarkal 
¢ G went in 
0.25 0.38 +(2) 0.085 0.88 +(3) of | 
Cc mI G mI hydroxyl: 
0.25 3.3 (6) 0.085 3.3 -(5) w 
Cc mI G mI 
0.25 2.0 +(2) 0.85 
Cc G mI It has 
0.25 3.3 + (2) 0.035 3.3 + (2) hibit tk 
Cc al G dl n Alliun 
(5) + (3) ct ap 
0.66 -—(2) 0.25 -(2) 
mI Onion 


* C= colchicine ; G=Gammexane; mI = meso-inositol; 
d-inositol ; 8 = p-sorbitol. 
+ +=tumors on all roots; +=small tumors on some of t 


roots; —~=no tumors. The figures in parentheses indicate t! 


number of bulbs examined. 


tion of ¢-tumors. 
are either ineffective or only slightly active (5). 1 


1This work was supported in part by a grant from 
American Cancer Society on the recommendation of ' 
National Research Council Committee on Growth. 

2Now geneticist, Division of Fruit and Vegetable Cr 
and Diseases, Bureau of Plant Industry, Soils, and Agric 
tural Engineering, USDA. The investigation was begun ' 
the Department of Botany, Barnard College, New Yor 
where the author was employed. 
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yne agent interferes with nuclear division in Para- 
yeum caudatum and produces distorted forms of 
owth (3). Regardless of the exact sterical configura- 
‘ion of the various hexachlorocyclohexanes, they are all 
yalogues of the corresponding hexahydroxy compounds, 


For the study of the effects on mitosis, 10 bulbs with 
a large number of roots were selected. From 2 to 5 
roots were removed from each bulb for each of the 16 
individual experiments recorded in Table 2. All roots 
were exposed for 4 hrs at 19° C to mixtures of the various 


TABLE 2 


CYTOLOGICAL EFFECTS* 


Experiment No. 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Mitotic 026 25 0628 25 0.25 0.25 0.035 0.35 0.035 0.35 0.35 = 

poison Cc Cc! Cc Cc Cc G G G G G 

Media 
(mM /- 
liter) bie: 3.3 33 33 33 33 3.3 33 33 33 33 33 
agent 
i Bulb No. Per cent affected metaphases per root 

I 82 90 18 24 94 72 100 74 94 26 86 90 2 4 14 10 
II 76 o4 12 22 82 18+¢ 94 84 82 20 90 94 6 2 12 8 
Ill 80 96 6 14 72 86 96 86 92 14 S4 86 10 6 10 6 
IV 82 86 12 10 18 84 88 84 92 18 86 84 6 10 16 12 
Vv 94 94 20 6 30 &4 90 86 90 20 96 86 12 + 6 10 
VI 80 92 16 6 18 82 92 80 94 14 94 94 10 12 4 6 
Vil 76 92 20 10 30 78 94 82 90 10 90 90 6 10 6 10 
Vill 86 96 18 2 18 80 90 78 96 10 96 96 12 14 4 4 
Ix 86 90 18 10 66 86 96 82 86 18 90 94 12 + 10 8 
x 84 94 16 6 16 78 90 84 96 18 94 90 4 6 6 8 
Average 83 92 16 11 44 75 93 82 92 17 91 90 8 7 9 8 


*See Table 1 for abbreviations used. 
rst +t Other roots of the same bulb showed c-mitosis. 


the inositols, which are of great biological interest. The 
) Birmarkable specificity of meso-inositol as an essential 
went in the growth of microorganisms has been dis- 
bussed repeatedly (6, 9). The important specific influ- 
’ ewe of the relative sterical positions of the substituent 

iydroxyls in the various inositols was demonstrated re- 
| Bently with respect to the enzymatic oxidation of these 
sereoisomers (4). 

It has now been found that meso-inositol is able to 
) Bipshibit the metaphase arrest and tumor formation induced 
n dilium Cepa by colchicine or by Gammexane. This 
fect appears to be specific; d-inositol and D-sorbitol are 
active, 

Onion bulbs were placed with their bases resting on 
le rims of glass jars filled with tap water. Roots ap- 
proximately 2.5 em long were formed in 3 days. For 
te observation of tumor formation, the entire bulbs 
ith roots still attached were transferred to jars contain- 
hg the various mixtures of mitotic poisons and substances 
king tested as inhibiting agents and kept at 18°-25° C 
i 48-72 hrs (Table 1). Colchicine, U.S.P. (Inland Al- 
iloid Co., Tipton, Indiana, or Merck & Co.), and the sub- 
Kances tested as inhibiting agents were employed as 
Aueous solutions. y-Hexachlorocyclohexane (obtained 
irough the courtesy of Dr. J. P. Baxter, Imperial 
emical Industries, Ltd., Widnes, England) was made 
) as a 0.033 M solution in ethanol and diluted with 
P water to the desired concentrations. 
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mitotic poisons and inhibiting agents in small vials. The 
roots were then killed with absolute ethanol and acetic 
acid (3:1), and propiono-carmine smears were prepared 
for microscopic examination. The first 50 metaphases 
were counted and classified. All metaphases in which the 
chromosomes were split, but still attached at the centro- 
mere, were considered as affected, i.e. as c-mitotic (see 
Figs. 1 and 2). 

Whereas y-hexachlorocyclohexane, because of chemical 
similarities, could have been suspected of acting as a bio- 
logical antagonist of meso-inositol, this does not apply 
to colchicine. Even in the case of Gammexane the evi- 
dence is not entirely clear. In some instances meso- 
inositol has been reported to overcome the inhibition of 
microbial growth by this agent (1, 2). In other bio- 
logical systems, however, no such effects were observed 
(7, 8). It is possible that these discrepancies would dis- 
appear if different amounts and proportions were tested. 
That the ratio of mitotic poison to inhibiting agent is 
not the only factor is shown by a comparison of Experi- 
ments 3 and 5 in Table 2. 

It is too early to speculate on the mechanism of the 
remarkable cytological effect of meso-inositol reported 
here. Additional poisons of mitosis, including those 
affecting other phases of nuclear division, will have to be 
examined before the conclusion that meso-inositol is in- 
volved specifically in the metaphase, or perhaps in the 
formation of the spindle, is justified. It is not unlikely 
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that the cellular component with which colchicine and 
Gammexane interfere is not meso-inositol itself, but a 


Fie. 1. 


in Allium Cepa treated with 
0.00035 M Gammexane and 0.033 M d-inositol solution, 
showing failure of the d-inositol to inhibit c-mitosis. 
(Magnification, approximately 1,000 x.) 


Metaphase 


substance to which it gives rise and the formation of 
which is prevented by the mitotic poisons in question, 


Fic. 2. Allium Cepa treated with 0.000035 M Gam- 
mexane and 0.0033 M meso-inositol solution, showing 
inhibition of c-mitosis. (Magnification, approximately 
1,000 


Experiments on these and other aspects will form the 


subject of a detailed communication which will appear 
at a later date. 
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Biosynthesis of Radioactive Drugs 
Using Carbon 14* 


E. M. K. F. E. Kerspy 
B. J. McInTosH, and A, Gaxp, 


Department of Pharmacology, 
The University of Chicag, 


The therapeutic dose of many important drugs ig » 
small that neither the compound itself nor its possipj, 
breakdown products can be detected in the body by or4j. 
nary chemical or biological methods. Incorporation o 
radioactive isotopes into such drugs makes possibj, 
studies of their distribution and fate in the anima) 
organism because of the great sensitivity of the isotope 
tracer technique. Obtaining the organic compound op. 
taining the isotope constitutes the major practical diff. 
culty in the application of this technique to biological 
problems. At the present time many of the needed com. 
pounds can be prepared only by biological synthesis. 

This report deals with our experiences in obtaining 
radioactive digitoxin and nicotine from the medicinal 
plants Digitalis purpurea and Nicotiana rustica. 

Plants were grown from seed and transplanted int 


suitable containers containing soil, sand, or crushed mica, 


Growth was supported by an inorganic nutrient solution 
containing calcium nitrate (0.1%), magnesium sulfate 
(0.06%), potassium nitrate (0.05%), potassium acid 
phosphate (0.04%), ammonium sulfate (0.01%), and 
smaller amounts of other salts needed in trace amounts 
(2). As soon as the young transplanted plants wer 
sufficiently well established, they were sealed in a closed 
system, usually consisting of two battery jars placed 
with their open ends in apposition. Suitable holes were 
drilled in the glass jars for the introduction of nutrient 
solution and of radioactive carbon dioxide, for the attach- 


1This work was aided by grants from the Life Insurance 
Medical Research Fund, the U. 8S, Public Health Service, and 
the Dr. Wallace C. and Clara A. Abbott Memorial Research 
Fund of the University of Chicago. 

Because work of this kind involves many techniques u- 
usual for the pharmacologist and because certain precautions 
must be taken when radioactive substances are used, we ¢ol- 
sulted numerous colleagues in our own University and else- 
where. Among the many who aided us, we should acknow! 
edge especially the help of Dr. Austin Brues, chief of the 
Biological Division, Argonne National Laboratory, and Dr. 
Wright Langham and Lloyd Roth, Los Alamos Scientific Lab- 
oratory, who instructed us in the procedures used in the 
assay of radioactive carbon and in the necessary precautions. 
Dr, Crooks, of the U. 8. Department of Agriculture, offered 
helpful hints concerning the culture of these plants and als 
furnished us with seeds. Dr. Burris, of the University 0! 
Wisconsin, kindly gave us the benefit of his experience wit) 
technics in plant culture and in the study of plant respir 
tion. Prof. Ezra Kraus, chairman of the Department 0 
Botany, University of Chicago, gave us many suggestions and 
also placed at our disposal the facilities of the University’s 
greenhouses, where the chief gardener, Mr. Michael Costell, 
was indispensable to us in the seeding, transplanting, and 
care of the plants in the greenhouse. We are also grateful 
to the Lilly Research Laboratories and to the Sandoz Chet 
ical Company for generous supplies of the pure glycosides 

2 Lederle Fellow in Pharmacology. 
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ment of @ water manometer to determine adequacy of the 
waling,.and for drainage. The enclosed volume was ap- 
vroximately 22 liters. Three 40-watt fluorescent lights 
were placed 24” above the plants. Preliminary experi- 
nents showed that digitoxin and nicotine could be syn- 
thesized by the plants under these conditions. 

CO, was generated from a solution of sodium carbonate 


f ontaining 1, 10, or 100 pe of C* and 1 mM of ear- 


honate/ee by placing 1 ee into a 50-ce syringe having a 
two-way valve and adding an excess of sulfuric acid. 
The CO, was injected into the closed system containing 
the plant. Gas samples were analyzed for C“ from time 
to time, thus giving a measure of the CO, uptake by the 
plant. After 2-6 weeks the plants were harvested, air 
dried, and pulverized. 

Radioactive digitorin. A 30-gm sample of the dried 
and powdered Digitalis purpurea plant was mixed with 
500 ee of 50% alcohol and the mixture allowed to stand 
overnight. It was filtered through a sintered glass filter 
and the residue washed twice with 250-ce portions of 50% 
alcohol. The combined filtrates were evaporated to a 
thick paste at or below room temperature under a current 
of air, the volume restored to approximately 10 ce with 
water, 100 mg of sodium bicarbonate added, and the sus- 
pension extracted three times with 30-ce portions of 
chloroform. The chloroform extracts were evaporated to 
dryness, 10 ce of chloroform added, and the solution 
filtered through a 5 x 50-mm adsorption column of water- 
aleohol-chloroform washed 60-80 mesh Decalso. The 
chromatogram was developed with 30 ce of chloroform, 
then with 30 ee of 1% ethyl aleohol (95%) in chloro- 
fom (U.S.P. XIII), and the digitoxin fraction eluted 
with 3% aleohol-in-echloroform. After evaporation of the 
solvent, the residue was dissolved in chloroform and ad- 
sorbed and eluted as before. The residue from the 3% 
aleohol-in-ehloroform eluate was dissolved in 0.2 ce of 
chloroform, 2 ee of carbon tetrachloride and 5 ee of 
petroleum ether added. After removal of the precipitate 
by centrifuging, it was dried and weighed. Seven mg 
were obtained. 

A solution of the isolated material, when injected into 
the ventral lymph sae of frogs, resulted in systolic arrest 


fof the heart with doses of 4 ug/gm of frog. Similar 


results were obtained with known digitoxin. Colorimetric 
assays (1) of extracted and known digitoxin solutions 
were also in agreement. The majority of the radio- 
activity contained in 0.1 mg of the isolated material was 
recovered in the precipitate when 10 mg of known digi- 
toxin was added as a carrier and the material recrystal- 


jlized from dilute aleohol. The level of radioactivity was 
psuch that 2,000 epm/mg were obtained from a 10-cm? sur- 
face with an end-window Geiger counter when plants ex- 


posed to 100 pe of C“ were used. Subsequent experi- 
ments indicate that higher amounts of the isotope (ap- 
proximately 400-700 yc/plant) may be used. 

Radioactive nicotine. The stems, leaves, and roots of 
the radioactive Nicotiana rustica plant were ground with 
0 ce of 0.1N sodium hydroxide in a Waring blendor. 
The homogenate was steam distilled, and 450 ce of distil- 
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late were collected in 20 ee of 0.5 N hydrochloric acid. 
This solution was analyzed for nicotine qualitatively by 
the characteristic absorption curve between 220 and 290 
my and quantitatively at the absorption peak at 260 mu, 
measured with the Beckman ultraviolet spectrophotom- 
eter. The solution was then concentrated to 50 ce on a 
steam bath, the pH adjusted to 2.3, and 5 ce of 12% 
silicotungstic acid added for each milligram of nicotine 
in the solution. The mixture was warmed on the steam 
bath for 30 min and allowed to cool overnight. The 
precipitate was filtered, washed with 10 ce of .005N 
hydrochloric acid, and dissolved with 10 ce of 9.5N 
sodium hydroxide. This solution was extracted by shak- 
ing with 50 ce of ethyl ether in a 125-ce separatory funnel 
and the aqueous phase re-extracted with another 50-ce 
portion of ether in a second separatory funnel. The ether 


phases were successively washed with 10 ce of 0.1 N°” 


sodium hydroxide and extracted with successive 3-ce por- 
tions of 0.1 N hydrochloric acid. ‘This purified acid ex- 
tract was made up to 10 ce and again analyzed spectro- 
photometrically for nicotine. The radioactivity was meas- 
ured by spreading an aliquot of the solution on a 10-em? 
surface, drying, and counting with an end-window Geiger 
counter. Ten thousand six hundred epm/mg of nicotine 
were obtained when 100 pe of C™ were used for the plant. 

Evidence that the material isolated from Digitalis pur- 
purea is digitoxin lies in the specificity of the extraction 
procedure, the agreement between chemical and biological 
assay procedures, and experiments which show the radio- 
activity to persist in the digitoxin recrystallized from a 
1: 100 mixture of radioactive and nonradioactive digi- 
toxin. As yet we have no direct information as to which 
carbon atoms are labeled or, in fact, whether the sugar 
or the genin moiety of the digitoxin is so tagged. How- 
ever, since the only source of new carbon for the synthetic 
processes of the plant was the CO, of the atmosphere, 
random labeling of all carbon compounds must occur. 
This may be an advantage in the use of such materials in 
biological problems, since it permits the tracing of all 
carbon-containing metabolic fragments of the drug rather 
than only the single atom usually labeled in synthetic 
drugs. 

Evidence for the purity of the nicotine prepared from 
Nicotiana rustica is found in its ultraviolet absorption 
curve, the reaction with silicotungstic acid, the ether- 
water solubility characteristics of the material, and by 
the melting point of the picrate (218°). 

Biological experiments with these drugs are in progress 
and will be reported elsewhere. Other plants, including 
Digitalis lanata, Papaver somniferum, and Atropa Bella- 
donna, are also being investigated. 
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A Device for Controlling Humidity in 


Biosynthesis of Drugs* 
T. E. Krmura2 
Department of Pharmacology, University of Chicago 


In the course of experiments on the biosynthesis of 
labeled drugs we encountered some difficulty in growing 
young Digitalis lanata plants in a sealed atmosphere. 


construction of an air-tight unit such as that illustz, 
in Fig. 1. 

It consists of a motor-driven blower’ housed in gy ait 
tight 9”x12” battery jar covered with a circular Dieg 
of glass plate and sealed with a 50/50 mixture of je 
wax and rosin. Moisture-laden air is drawn fron th 
terrarium, through the motor-blower, into a condeny 
and thence back into the terrarium, the excess moisy, 


<= 
-PLANTS- 


Fic. 1. Drawing illustrating blower-condenser unit with blower-motor housed in battery jar 
(left) and terrarium (right). The water condenser is connected between the exit of the blower unit 


and the entrance to the terrarium. 


Excess moisture in the atmosphere of the terrarium was 
considered as one of the major factors detrimental to 
their growth. Consequently, a device for controlling the 
excessive humidity was devised. The necessity of pre- 
venting loss of any C“O, from the terrarium required the 


being condensed and the condensate being collected anf 


drained off from the bottom of the unit. 


Employing this blower-condenser unit, we have bee 
able to grow radioactive Digitalis lanata in suffcia 


quantities and with radioactivity of desired intensity 


The Production of Unilateral Epileptiform 
Convulsions From Otherwise Quiescent 
Foci by the Administration of Benzedrine 


R. A. Buum, J. 8. Buum, and K. L. Coow 


Yerkes Laboratories of Primate Biology, Inc., 
Orange Park, Florida 


Ruch (5) has recently reported the sedative effect of 
cerebral excitant drugs on hyperactivity in macaques with 
prefrontal lesions. The effect of this class of drug in 
changing the behavior resulting from cortical insult sug- 
gested to us that latent characteristics of a surgically- 
altered nervous system might be elicited by changing its 

1 Supported by the Life Insurance Medical Research Fund. 


2 Research assistant, Life Insurance Medical Research 
Fund. 
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chemical environment. The consequences of an inves 
gation of this possibility justify a preliminary report 
the occurrence of unilateral Jacksonian seizures followin 
administration of benzedrine (amphetamine sulfate) ! 
an immature male macaque with symmetrical bilateral pr 


frontal removals. 
This animal was acquired in Octeber 1946 and ™ 


trained to mastery of the following problems: (a) visut! 
spatial delayed response to a criterion of 90% correct! 


30 see, (b) auditory discrimination between a bell and 


buzzer to a criterion of 90% correct, und (c) auditor 
delayed response to a criterion of 90% correct at 12 # 
The preoperative period of observation of approximatel 
6 months revealed no unusual physiological or behavior 
characteristics. On May 7, 1947, a bilateral removal } 
(11 


*Delco Appliances, General Motors Corporation. 
volts, 60 cycles, 40 watts, 0.45 amps.) 
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Late frontal cortex. was made on this animal, the lesion 
“ ding all tissue anterior to a plane 5 mm in front of 
’ eal suleus on the dorsal surface and about 2 em 
, front of the optic chiasm on the orbital surface. Re- 
Bvery Was uneventful. In the three days immediately 
slowing operation, the remarkable increase in locomotor 
progression characteristic of prefrontal macaque prepara- 
‘ons developed gradually to its peak. Tests given 10-14 
i,vs postoperatively showed perfect retention of the 
suditory discrimination habit, but only chance scores on 
ye visual and auditory delay problems. Considerable 
pal training in the subsequent months did not improve 
bis performance. The monkey was kept under observa- 
bn and almost daily trained and tested for 14 months 
lowing the operation. Throughout this period the 
tivity level remained high, but no behavior suggestive 
Jacksonian fits or epileptoid seizures was observed. 

On July 19, 1948, at 10: 00 A.M., he was given 6 mg 
¢ benzedrine by subeutaneous injection (his weight at 
ris time was 8 lbs). Activity continued as before 
hosage, but food given was not swallowed, remaining in 
he food pouch. Twenty minutes later he was given 4 
ng additional (the total amount given being about half 
he minimum lethal dosage, 1). During the next 40 min 
rreatly increased activity, muscular incoordination, at- 
acks on the cage walls, and general violence, but no 
onvulsions, were noted. This condition was followed by 
nstration. He was then given 30 mg of Nembutal 
ntraperitoneally. In the afternoon he was sitting up 
pnd moving about quietly. Partial paralysis of the left 
imbs, affecting the arm more than the leg, was observed. 
he right limbs appeared weak and uncoordinated. At 
30 P.M. he was again prostrate and started having 
acksonian-type seizures, beginning with the corner of 
he mouth and spreading to the hand, arm, trunk, and leg 


the left side. At no time in any convulsion did the 
lonic movements spread to the right side of the body. 

| bee 

scien later the convulsions started from the ear and were fol- 

“ owed by adversive head movements and progressive in- 


dlvement of the left limbs and trunk. At 7:15 P.M. 
he convulsions were starting with the adversive head 
movements. Each seizure lasted about 40 see with about 
ivestifi™ O-min interval between seizures. This interval grad- 
ally decreased until at about 8: 00 P.M. the convulsions 
here coming every 2 min. In all, about 30-40 convul- 
hons were observed. At 8:20 P.M, he was given 60 
hg of Nembutal intraperitoneally, and the convulsions 
opped within 5 min. Twenty minutes later convulsions 
gain started, and he was given another 60 mg of Nem- 
utal in two doses in the next hour and 105 mg more at 
1:30 P.M. At 3:30 A.M. the animal was awake, pros- 
ate, and quiet, and remained this way until evening. 
lito uring the morning following he was given saline solu- 
2 sion subcutaneously, and in the afternoon be drank a cup 
ate! orange juice and ate two pieces of fruit. That night 
rior’ was sitting up, capable of movement but quiet and 
al responsive. The paralysis and weakness were some- 
(iMme’t alleviated, but the left side was still less efficient 
han the right. The next morning he had regurgitated 
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all the food previously eaten and appeared very weak and 
stuporous, lying down much of the time. Late that after- 
noon he was sacrificed and perfused with 10% formalin, 
The brain was removed 48 hrs later. There was no 
hemorrhage or other gross abnormality which cou ae- 
count for the severe symptoms following the administra- 
tion of benzedrine. There was scar tissue of about 2-3 
mm in extent in the anterior part of the remaining frontal 
cortex on both sides. 

It has been suggested by Hebb and Penfield (2) that 
maximum physiological and behavioral dysfunction may 
result from pathologically functioning tissue rather than 
from lack of tissue per se. Further, Penfield and Eriek- 
son (4) have localized adversive seizures, similar to the 
type described here, in the cortex of the frontal lobe im- 
mediately in front of the sensorimotor area. Kopeloff, et 
al. (3) have shown that a focus of irritation in the cortex 
produced by local application of a dise containing certain 
inactive materials may fail to cause seizures until sensi- 
tizing agents such as alumina cream are introduced 
parenterally. Our findings indicate that (a) irritative 
lesions, though insufficient to produce epileptic discharge, 
may be present after cerebral excisions; (b) benzedrine 
may increase sensitivity to these irritative effects; and 
(¢) observed abnormalities of behavior, such as hyper- 
activity and failure in the delayed response test, fol- 
lowing brain lesions may be due to the irritative action 
of pathological tissue which is subliminal for fits. 
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The Pharmacological Properties of Some 
2-Substituted-4-hydroxymethyI- 
1,3-dioxolanes? 


F. M. Bercer, V. BOEKELHEIDE, »ud D. S. TARBELL 


Department of Pediatrics, School of Medicine and 
Dentistry, and Department of Chemistry, College 
of Arts and Sciences, University of Rochester 


Certain simple monoethers of glycerol were recently 
shown to cause a transient paralysis of the voluntary 
skeletal muscles without embarrassment of respiration 
(2). In smaller doses these substances had a controlling 
influence on various types of tremors and other involun- 
tary movements, as well as a relaxing effect on spasm, 
spasticity, and rigidity (1, 3-6). The purpose of this 


1 Aided by a grant from the National Foundation for Infan- 
tile Paralysis. 
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note is to show that these characteristic effects of the 
glycerol ethers on the central nervous system are also 
present in another series of compounds of quite differ- 
ent structure, the 2-substituted-4-hydroxymethy]-1,3-di- 
oxolanes (e.g. I). 


R—C—R’ CH,;—C—C,H,, CH,—C—C, Hy, 
6% » 


|_| | 
CH,CH—CH,OH CH,—CH, CH,—CHCH,OH 
I, R=CH,, R’=n—C,H,, II III 


Preliminary examination of over 50 compounds (most 
of them new*) in this series showed that the type of 
physiological action obtained was markedly influenced by 
the groups in position 2. Some of the 2-alkyl and 2,2-di- 
alkyl derivatives possessed a type of action similar to that 
of the monoethers of glycerol. Large doses of the active 
compounds caused complete muscular paralysis with a de- 
crease of muscle tone. Spontaneous respiration and cer- 
tain reflexes such as the knee jerk and wink reflex were 
maintained, even during profound paralysis. Small doses, 
which did not cause any detectable changes in the be- 
havior and appearance of the animals, protected them 
from the effect of lethal doses of strychnine and Metrazol. 

This paralyzing action appeared to be optimal if a 
total of 6-8 carbons was attached at position 2; the 
lower, water-soluble members of the series, and the higher, 
virtually water-insoluble members, were almost completely 
inactive. The compounds where R was methyl and R’ a 
straight-chain alkyl group of 5-7 carbon atoms were found 
definitely superior to those with a different combination 
of groups, even when the total number of carbons on the 
2-position was constant. It is interesting to note that 
the substitution of a eyclohexyl group for the n-amyl or 
n-hexyl (I, R= CH,;, R’=cyclohexyl) group decreased the 
activity sharply. Compounds in which R and R’ were 
part of a carbocyclic ring, i.e. derivatives of cyclopenta- 
none and cyclohexanone, showed some paralyzing activity, 
but less than those in which R and R’ were alkyl groups. 
_ The presence of the free hydroxyl group seemed to be 
essential for activity. The removal of the hydroxyl, as 
in II, or the acetylation of the hydroxyl of I abolished, 
or very markedly decreased, the paralyzing activity. The 
dithiolane III, analogous to I, was also inactive, as were 
the two examples of 2-substituted-4-hydroxymethyl-1,3- 
dioxolanes examined which contained a basic nitrogen 
atom. Compounds of formula I where R was alkyl and 
R’ was aryl or heterocyclic also possessed interesting 
pharmacological properties. Some of these compounds 
caused paralysis, whereas other closely related compounds 
caused tremors, hyperexcitability, and convulsions. 

The dependence of the activity and toxicity on the size 
and nature of the alkyl groups in position 2 is illustrated 
in Table 1, which gives the mean paralytic and mean 
lethal doses of a few of the alkyl substituted compounds 
examined. (The dose which caused a loss of the righting 

* We are indebted to J. Figueras, C, G. Krespan, L. Liber- 
mann, and F. C. Pennington for their work on the synthesis 


of these compounds. We are also indebted to R. Plato 
Schwartz, M.D., for his interest in this work. 
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reflex in 50% of the animals was taken as a Measure 


‘nt fic 
the relative activity of the compounds and was calle 4, nt : 
mean paralytic dose.) The table also gives the con dy 
rable values for myanesin (0-toloxy-1,2-propane diol) 

) 


best compound of the glycerol ether series. It Will by 

noted that certain members of the dioxolane series yim 
sessed greater activity and a greater margin of gf. 
than myanesin. 
TABLE 1 


MEAN PARALYZING AND MEAN LETHAL DOSES OF 
2-SUBSTITUTED-4-H YDROX Y METH YL-1,3-DIOXOLANES 
AFTER INTRAPERITONEAL ADMINISTRATION TO 
WHITE MICE 


Formula I + SE* LDw+SE* 
R R’ (mg/kg) (mg/kg) pp, 
0+-— 
n-CsH1 n-CsH1 205 +24 730+69 34 
i-CsH: i-CsH: 155 + 33 730 +73 47 
n-CoHis Ht 153 +23 430 +53 29 
CHs n-CsHin 105 + 24 500 + 31 43 sblisl 
CHs 8-CsHiu 190 + 30 475 +56 25 4 
Myanesin 180 + 20 500 + 43 28 une P 


Severs 

rst, | 
the | 

sy to 


*PDso=mean paralyzing dose; LDs=mean lethal dog: 
SE = standnrd error. 

+ This compound may have the 1,3-dioxan structure, whi 
is a 6-ring isomeric with structure I. This structure hy 
been excluded for the other compounds. rmal 
uid is 
e foca 


Certain compounds mentioned in this preliminary com. 
munication may be useful as tools in neurophysiologica 
research; others have potential therapeutie application. 
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A New Treatment of Viscosimetric Data’ 
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An interesting relationship exists in flow data secured 
from capillary-tube viscometers. To illustrate, Fig. | 
contains the flow data for several liquids obtained with 
capillary-tube viscometer in which driving pressures wert 
accurately controlled and expressed in millimeters 
water. No kinetic energy corrections were applied. 4! 


of the flow lines look like those to be expected from such ' focal 
a study: they are logarithmic in type. rent de 
When two fixed pressures are chosen, as was done forme that 1 
Fig. 2—namely, at 100 and 500 mm of water pressure” ed 
and the two points for each liquid joined to form ‘‘t¥® *y 
1'This work was supported by the Johnson Research Full | 7 


of Northwestern University Medical School and the Evanst"§ 
Hospital. 
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.t flow lines,’’ an unexpected harmony becomes evi- 
a extrapolation of these lines results in the establish- 
os of a focal point. When other pairs of pressures 
| taken in the same way, other focal points are 


FLOW LINES of SEVERAL LIQUIDS 


Ethy! acetate 


140 


mm. H,0 pressure 


Fic. 1 


ablished. All of these focal points appear to lie on* 
line passing through the origin. 

Several valuable features arise from this observation. 
ist, a given apparatus may be characterized by the slope 
the line deseribed by the focal points. Next, it is 
sy to determine whether a given liquid is flowing in a 
mal fashion, An example of an abnormally flowing 
uid is blood: its two-point flow line does not reach 
e focal point established by normal liquids (Fig. 2). 


Ethyl tat 
acetate 
100} 
80; Water 37° 
eo} Water 19.4° 
3 30 % NaCl 
0 44 % glycerin 
40 SHEEP 
£ 55 % glycerin 
2 
a see 
100 ‘ 500 
SHEEP re:mm.H20 
Pressure: mm.H2 


Fic. 2 


nother advantage is that a single flow measurement will 
ve to define the whole logarithmic flow line of a 
mal liquid, since one point is already available in the 
cus and the curved line can be derived from the straight 
thus determined. 

The relationship described depends on the properties 
i the simple logarithmic curves traced by the flow lines. 
ey belong to the type, A log X+B=log Y. These 
ves occur in families, each family with its own line 
F focal points passing through the origin if the treat- 
ent described above is applied. What seems remarkable 
that normal liquids of a wide range of viscosity appear 
flow through a given capillary in precisely the manner 
Muired to produce a group of flow lines that belong 
‘single family of logarithmic curves. A consideration 
f the known flow properties of normal liquids suggests 
it this is an effect to be anticipated. 
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Effect of Chemical Treatment Prior to 
Storage on Viability and Growth of 
Cottonseed 


M. G, LAMBOU, GLADYs 8. KING,1 and M. Z. Conpon2 


Southern Regional Research Laboratory, 3 
New Orleans, Louisiana 


Cottonseed having a moisture content of 8-11% can 
be stored without loss of viability (8) for periods as 
long as two years in most sections of the United States. 
Seed with a moisture content of 12% or above, however, 
present storage difficulties which depend on the climatic 
conditions existing in the locality in which they are 
stored. Investigations at the Southern Regional Research 
Laboratory on the applicability of chemical treatment in 
preventing or minimizing heating and deterioration of 
moist seeds stored in bulk prior to processing for oil 
and meal have demonstrated that a number of chemicals 
of various types are effective (1-5) for these purposes. 
Among these chemicals are propylene glycol dipropionate 
(PGDP) and 4,6-bis-chloromethyl xylene (DCB) (6). 

It was of interest to determine whether these com- 
pounds could also be used to prevent loss of viability dur- 
ing storage of moist seed, and accordingly they were 
investigated separately and in mixtures. The preliminary 
results of storage experiments using a mixture of these 
two compounds are reported in this publication. A more 
detailed report will be presented at a later date. 

A Stoneville 2B variety of cottonseed, harvested in 
1946 and having an initial moisture content of 8.9% 
and a germination count of 92%, was artificially condi- 
tioned to a moisture content of 12%, as described in a 
recent publication (7). The conditioned seed was di- 
vided into three equal lots. The first lot was untreated 
and served as the control; the second was treated with 
0.28% (based on the dry weight of the seed) of a solu- 
tion of DCB in PGDP, in the ratio of 1:8 by weight; 
the third was treated with 0.14% of the same solution. 
All three lots of seed were stored individually in screw- 
top glass jars of 1-gal capacity which were maintained 
at room temperature in the dark. Samples of 50 seeds 
were withdrawn from each jar for the determination of 
germination counts and seedling growth at 30-day inter- 
vals over a period of 64 months. Germinations were 
carried out by the standard blotter technique at room 
temperature, and the counts were recorded for 4-day-old 
seedlings. Growth measurements of various parts of all 
seedlings that germinated were made at intervals up 
to 12 days. During this period the seedlings were sup- 

1 Histologist, Agricultural Chemical Research Division, Bu- 
reau of Agricultural and Industrial Chemistry, USDA, New 
Orleans. 

2The authors take this opportunity to thank Miss Claire 
Lesslie, of the Analytical Division of this Laboratory, for the 
analytical results reported here. The authors are also in- 
debted to Dr. Marshall Kulka, Dominion Rubber Company, 
Guelph, Ontario, and to the Kessler Chemical Company for 
furnishing the chemicals used in this investigation. 


* One of the laboratories of the Bureau of Agricultural and 
Industrial Chemistry, USDA. 
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ported individually in 20-ml glass bottles containing 
sufficient water to cover the roots and were exposed to 
artificial light in the laboratory. 

The effects of the chemical treatment on the viability 
and seedling growth of cottonseed after 4, 5, and 6} 
months of storage are listed in Table 1. It may be ob- 


TABLE 1 
Com- 
bined 
Gu length Length Length 
of of 
mina- of root 
and 
in 4 at7 at 12 
days cotyl 
at 5 y 
Treatment* days 
> 
= -~ 
= =| = 
S S 
oS & 5 & & 
Cantuel. 4 59 41 78 85 
0.28% PGDP 
and DCB (8:1) 4 76 129 49 120 83 106 113 133 
0.14% PGDP 
and DCB (8:1) 4 88 149 44 107 78 100 88 104 


0.28% PGDP 

and DCB (8:1) 5 66 138 100 143 92 123 130 144 
0.14% PGDP 

andDCB (8:1) 5 84 175 87 124 85 113 115 128 
Control ......-. 6%. G2 ... BO. BB BB 
0.28% PGDP 

and DCB (8:1) 6% 62 119 84 168 62 172 82 126 
0.14% PGDP 

and DCB (8:1) 6% 70 135 73 146 60 167 85 131 


* Based on the dry weight of the seed. 


served from these data that the treatment with the mixed 
chemicals successfully maintained viability and growth at 
a level considerably higher than that of an untreated con- 
trol under identical conditions of storage. The observed 
effects on growth appear to indicate the possibility that 
this compound has growth-promoting properties. 

In addition to the above determinations of germination 
and growth, a sample of 1,000 seeds was taken from 
each of the jars of stored seed at the end of 64 months 
of storage and germinated as previously described. The 
results of this test and the measurements made on the 
seedlings are shown in Table 2. The results obtained 
on this larger quantity of seeds confirm the trends ob- 
served with the smaller sample stored for the same length 
of time. It will be noted that the percentages of seeds 
germinating are given for the fourth day only. Experi- 
ments on this sample of seed have shown that it is not 
advantageous to continue tests using the blotter technique 
for a longer period of time. After four days the in- 
creases in the percentages of seeds germinating are very 
small, and, if the tests are permitted to continue, evi- 
dence of microbiological infection is observed. The re- 
sults indicate that the treatments did not merely ac- 
celerate germination but actually resulted in a higher 
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percentage of germination over that of the Untregy 
control. | 

An analysis of the samples after storage for 6} moni 
for moisture and free fatty acids is given in Table 
It is clear that there was a significant decrease ft 
rate of formation of free fatty acids in the treg 


TABLE 2 
Com- 
bined le fuen 
ngth . 
Germi- 
nation =o hypo. 
and vord 
days — at? jon ( 
Treatment* at 3 days humé 
days ims t 
——— Beds 
(% (% 
of of 
trol) trol) trol 
ywth 


iter 
erim 
seed 
as 
dD. 
hese € 
dies 
salir 


0.28% PGDP 

and DCB (8:1) .. 47 148 41 171 62 i 
0.14% PGDP 

and DCB (8:1) .. 67 203 36 150 59 


* Based on the dry weight of the seed. 


samples. Despite the fact that the moisture content 

the treated seed was reduced during storage, this | 
of 2% of moisture over a period of 64 months em 
hardly account for the substantial difference betwa 
treated and control seeds in amount of free fatty sci 
formed. These results confirm those previously report 


wom 
bn anc 
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me ini 
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TABLE 3 
wien W 
Moisture 
Treatment content* arial Much 
(%) q re ob 
ined 1 
0.28% PGDP and DCB (8:1)¢ .. 9.8 1.48 ings. 
0.14% PGDP and DCB (8:1)? .. 9.6 1.03 


ming 


* According. to the Methods of the American Oi! Chemistyparma 
Society (1947). ive le 
* Based on the dry weight of the seed. rtieu] 


(4) on the effect of the above-mentioned compounds Hy. 


preventing free fatty acid formation during storage. bs Ie 
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fuence of Human Saliva and Blood Serum on 
mination and Root Growth 


Mvora Yardeni has published an interesting communi- 
ion (Science, July 16, pp. 62-63) concerning the effect 
human saliva as a germination inhibitor. That writer 
ims that human saliva inhibits germination of wheat 
is and particularly the growth of the embryonic radi- 
s. She further states that the degree of inhibition 
sed by the saliva of the same individuals varied at 


ferent times, and that the inhibition of the radicle 


wth does not depend on sex or age. The present 
iter calls attention to the fact that pharmacological 
eriments on the germination of seeds and root growth 
seedlings, studied on Lupinus albus, were made by 
1 as early as 1922 and announced in 1923 (D. I. Macht 
dD.8. Lubin. J. Pharm, exp. Therap., 1924, 22, 413). 
bese experiments were performed in connection with 
dies on menstrual toxin. It was found that not only 
saliva, but also the blood serum and various secretions 
women in catamenia, are very toxic, both for germina- 
yn and root growth of Lupinus albus, as compared with 
saliva, blood serum, and various secretions of the 
ne individuals between menstrual periods. The average 
-growth inhibition of Lupinus seedlings in 1% solu- 
us of saliva dissolved in plant physiological saline was 
%, whereas the average inhibition of seedlings grown 
1% of menstrual saliva solutions was 47%. 
Much more aceurate and scientifically reliable results 
re obtained with blood sera because these could be ob- 
ined under sterile conditions and without contamination 
various elements present in the mouths of human 
ings. In faet, the above observations were the be- 
ming of extensive researches on the subject of phyto- 
armacology, by the author and his co-workers, which 
ve led to a number of important medical discoveries, 
ticularly in connection with the diseases of pemphigus, 
fmicious anemia, leprosy, and trachoma (J.A.M.A., 
7, 89, 753; J. Invest. Dermat., 1947, 8, 171; J. Philip- 
Ne Islands med. Ass., 1928, 8, 523; Folia Ophthalmol. 
ient., 1935, 1, 358; Protoplasma, 1937, 27, 1). 
More recently, the writer has been engaged in studying 
e effect of blood sera on the respiration of the germi- 


iting seeds of Triticwm (wheat) and Avena (oat) and 
s found that the toxins of menstruation, pemphigus, and 


er diseases definitely inhibit oxidation and reduction 
\esses of such germinating seeds. 

Kramer and Silberschmidt (Science, October 15, p. 
» Commenting on the Yardeni article, suggest that 
thaps growth hormones in the saliva may explain its 
ubiting action on seed germination and root growth. 

In this connection we call attention to the fact that 


F* idea entertained formerly in regard to inhibition of 
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root growth by the growth hormones is no longer tenable. 
It was shown by Macht and Grumbein that the effects of 
indole acetic, indole butyric, and naphthalene acetic acids 
on roots of Lupinus albus seedlings depend on the con- 
centration of the chemicals employed. Solutions up to one 
in one billion do inhibit growth. When, however, much 
less concentrated solutions of the hormones are used, there 
is actually a stimulation in root growth (Amer. J. Bot., 
1937, 24, 457). 

On the basis of the writer’s experiences, the inhibiting 
properties of saliva and blood sera may be more ap- 
propriately ascribed to some unknown toxin or toxic 
substance in those fluids rather than to a growth hormone. 

Davip I. Macut 
Laboratories of the Sinai Hospital, 
Baltimore, Maryland 


A New Organic Uranium Compound 


A new organic uranium compound has been prepared 
from anhydrous uranium acetate and hexamethylene 
tetramine. 

One hundred ee of an alcoholic solution of anhydrous 
uranium acetate was added at 24° C to 80 ce of an alco- 
holie solution of hexamethylene tetramine. The uranium 
solution contained 2.46% of acetate/100 gm of alcohol; 
the tetramine solution, 9.5 gm/100 gm of alcohol. The 
amine was therefore greatly in excess. 

When the two solutions were mixed, a yellow ppt 
formed immediately. This was washed with hot alcohol, 
dried, and examined. 

The substance showed needle-like crystals, decomposed 
at 185° C, and dissolved in glacial acetic acid, but was 
insoluble in alcohol. On analysis it gave U, 46.3; N, 9.7. 
[(UO,) (Ac), (CH,).N, gives U, 45.02 and N, 10.5.] 

Evidently the two components are present in the 
molecular ratio of 1: 1. 


STEWART J. LLOYD and MASON C. CLEERE 
University of Alabama 


Dieyema paradoxum von Kolliker, 1849 


The Mesozoa comprise one of the most controversial 
groups in the animal kingdom. The disagreement con- 
cerns their structure, life history, method of reproduction, 
and zoological status. The confusion arising from differ- 
ent interpretations of morphology and development is 
augmented by errors in nomenclature. Certain of these 
errors were rectified by Stunkard (Amer. Mus. Nov., 1937, 
No. 908). Recently, study of the parasites of octopuses 
has necessitated a review of the literature on members of 
the family Dicyemidae. 

The generic name Dicyema was selected by von Koélliker 
(Ber. zoot. Anst. Wiirzburg, 1849, 2, 59-66), since he 
first noted that these animals produce two distinct types 
of embryos, which he designated as ‘‘wurmférmig’’ and 
‘¢infusorienartig.’’ The two kinds of embryos had been 
observed and described by Erdl (Arch. Naturg., 1843, 9, 
162-167), who regarded them as developmental stages of 
a single individual. Kdlliker studied the parasites found 
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in Octopus vulgaris and Octopus macropus and identified 
all the dicyemids found by him and those described by 
previous authors from other cephalopods as members of 
a single species, for which he proposed the name Dicyema 
paradoxum. The genus, as erected, was monotypic and 
D. paradoxum is the type species. The observations and 
descriptions of von Kélliker appear remarkably accurate 
and complete when compared with zoological reports of a 
century ago. 

Subsequent investigations, however, have shown that 
D. paradoxum of Kélliker was a complex of several 
species. Van Beneden (Bull. Acad. Roy. Belg., 1876, 41, 
1160-1205; 42, 35-97) restricted the genus Dicyema to 
parasites of octopuses; those from O. vulgaris were desig- 
nated as D. typus and those from O. macropus as D. 
clausianum. The name D. paradoxum was omitted. 
Holding a view diametrically opposed to that of von 
Kolliker, van Beneden believed in absolute taxonomic 
correlation between hosts and parasites. New genera 
were erected for the dicyemid parasites of each genus 
of cephalopods other than Octopus, and the parasites of 
the several cephalopod species were regarded as distinct. 
In van Beneden’s system the family Diecyemide consisted 
of 4 genera and 7 species. Species described by Wagener 
(Arch. Anat. Physiol. wiss. Med., 1857, 344-364) were 
redeseribed and renamed when assigned to the new 
genera. Whitman (Mitt. zool. Stat. Neapel, 1882, 4, 
1-89) described additional new species and showed that 
van Beneden’s idea of strict host-parasite specificity was 
erroneous; that the same species could infect more than 
one host species and that a single host could harbor more 
than one species of parasite. Whitman was meticulous in 
restoring names proposed by Wagener for species that had 
been renamed by van Beneden. He stated (p. 4): ‘‘... 
in systematic zoology the claims of priority are not to be 
superseded by those founded on accuracy of description.’’ 
But van Beneden had also renamed the parasites de- 
scribed by von Kdlliker as D. paradoxum, recognizing two 
species which he designated as D. typus and D. clausi- 
anum, respectively. Whitman accepted these names, and 
they have been adopted by subsequent authors. Nouvel 
(Arch. Biol., 1947, 58, 59-220) stated: ‘‘Pour KOlliker, 
le genre Dicyema comprenait tous les Dicyémides connus 
(D. paradoxzum). Quand Whitman a créé un second genre 
(Dicyemennea), |’auteur a conservé, pour 1’un des genres, 
le nom de Dicyema ear le description de Ké@lliker est 
précisément fondée sur deux espéces qui restaient dans 
le genre ainsi restreint.’’ It is clear, therefore, that the 
name D. paradoxum must apply to one of the two species 
now known as D. typus and D. clausianum. In an earlier 
paper, Nouvel (Bull. Soc. Hist. Nat. Toulouse, 1946, 81, 
169-174) redescribed D. typus as the smaller of. the two 
species, with a smaller number of somatic cells (16-20), 
usually 18 or 19, and stated that in this species the 
diapolar cells never form pendant verruciform enlarge- 
ments. According to Nouvel, D. typus oceurs only in 
Octopus vulgaris, whereas D. clausianum oceurs in both 
O. vulgaris and O. macropus. Moreover, Nouvel stated 
that earlier authors including van Beneden (1876), Whit- 
man (1882), Hartmann (1906), Lameere (1914, 1916, 
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1918, 1919), and he himself in former papers, hag iden 
fied individuals of D. clausianwm as D. typus. 

The International Code of Zoological Nomenclatg 
provides that, if a species is divided into two oy ty 
restricted species, its valid name must be retained fp,, 
of the restricted species. Van Beneden (1876) gia ; 
admittedly divide the species D. paradoxum ; insteag | 
redescribed the organisms as members of two dis 
and restricted species for which he proposed new nang 
although both species were retained in the genus Dicyey 
Indeed, they were the only species included in the goy 
The procedure is clearly invalid, since the genus Dioy 
is based on its type species D. paradoxwm. Whity 
and subsequent authors have perpetuated the error jy, 
cepting the two specific names proposed by van Benj, 
Despite any disavowal, van Beneden virtually divided 
species, and the name D. , aradoxwm must be retained { 
one of the restricted species which stands as type of { 
genus. As noted, either D. typus or D. clausianwm m 
be relegated to synonymy. Since von Kolliker deseri odern 
and figured large individuals with prominent verrucifogimma). 
enlargements of the diapolar cells, it seems probable tgimt evel 
his description applies more properly to the species calle in 
D. clausianum by van Beneden. Accordingly, D. clougioke, | 
anum van Beneden, 1876 is suppressed as a synonym ns an 
D. paradoxum von Kolliker, 1849. ' 

Horace W. 

Department of Biology, New York University, and ee 
Scripps Institution of Oceanography, nthet 
University of California Dr. I 
fe was 
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Enpony and Enchresy 


rom | 


There are 5 functions of great importance in thea Hei 
dynamics: the energy, entropy, enthalpy, and the fr ary | 
energy functions of Helmholtz and Gilbert Lewis. TM Fron 
first two functions have no other names. The third "iBatics 
formerly called heat content, but the name enthalpy, fam. 
ro GaXdros (heat), seems to win. Helmholtz free ener 
is a rather awkward name for a very useful funeti 
and the matter was worse when Gilbert Lewis unfor 
nately used the term free energy for another still ma 
useful function. The latter has also been called ther 
dynamie potential and Gibbs’ function. 

I think everyone who has been teaching them 
dynamics or has written textbooks in physical chemist 
has felt the need for not bigger, but better, names! 
the two last-mentioned functions. May I suggest thd 
Helmholtz free energy, which measures ‘the work obtal 


his 
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ologi 
able from a system at a constant teraperature, be calla™ 7 
enpony, from 6 (work). The system does part! plles 
this work against the pressure of the surroundings ” His 
in many processes, only the remainder (German Nuts 199 
beit) is utilized. This ‘‘useful work’? is measured 
Lewis free energy, which might be called enchresy, fgg? 
xprots (use, utility). These new terms do not s h 


less euphonious than the three older ones, and they at "gparva 
liable to cause any confusion. im its 
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Alfred Church Lane 

distiy 1863-1948 

Tame 

ee Alfred Church Lane, geologist, died in New York 
Dieu vy on April 15, 1948. Dr. Lane was a quantita- 
Thitngllvely-minded natural scientist who thought in terms 
t ingle lasting human values., In the best sense of the 
ened he vas a humanist-scientist. He was a New 
ded 


nelander of New Englanders, a devout church mem- 

r a rigorous natural scientist, an outstanding 

acher. In his lively and complex nature he was a 

odern inearnation of the best in the Renaissance 

on. He was sensitive to new and emerging values 
it ever conscious of solid old truths. He was versa- 

He in his skills and broad in his interests. As he 

oke, he loved to let his mind range beyond the hori- 

ns and then bring his hearers back with a quick rein 

‘some common-sense and penetrating observation. 

e was trained in analysis, but his mind was truly 

nthetiec. 

Dr. Lane was born on January 29, 1863, in Boston. 
le was graduated from Harvard in 1883 and in 1888 
beived the Ph.D. degree from his Alma Mater. 
rom 1885 to 1887 he was a student at the University 

Heidelberg. In 1913 Tufts awarded him the hon- 

D.Se. degree. 

. TM From 1883 to 1885 he was an instructor in mathe- 

td "@MBatics at Harvard. This was a significant phase of 


y, fH: life, because in many of his later contributions 
ae : his own seience of geology he thought and wrote 
ator ith the tools of mathematies. He assisted in trans- 
1 noe ng parts of his chosen field from a purely quali- 


henme've and deseriptive earth science to a modern and 
wntitative discipline closely related to physies and 


hernmeenistry. From 1889 to 1892 Dr. Lane was petrog- 
mist wher of the Michigan State Geologie Survey and 
es “estructor in the Michigan College of Mines. From 


. 
42 to 1909 he was, successively, assistant and state 


— dlogist of Michigan. In the latter year he became 
- farson professor of geology and mineralogy at Tufts 
< nel’se and in 1936 retired as professor emeritus. 
yam “is honors and professional activities were many. 
red Ym 1929 he became the first consultant in science ever 


, frmm@PPointed at the Library of Congress. Beginning in 
 selme-t he was a member of the Board of Visitors of the 
re etvard Observatory. In 1940 Tufts College awarded 
im its Ballou Medal for distinguished service to edu- 
tion and the Nation. He served as vice-president 
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of the Division of Geology of the AAAS (1907) and 
as president of the Geological Society of America 
(1931), and held several offices in the American Acad- 
emy of Arts and Sciences. For many years he was 
chairman of the important National Research Council 
Committee on the Measurement of Geologic Time. In 
connection with the work of this Committee he be- 
came active in the study of radioactive minerals. 

Indicative of the all-round interests of this modern 
Renaissance man was his affiliation with many societies 
in fields other than geology—for example, those hav- 
ing to do with history, natural history, engineering, 
forestry, and astronomy. He was an honorary mem- 
ber of the Geological Society of Belgium. Three times 
he was an Official delegate from America to interna- 
tional geological conferences. In World War I he 
was with the overseas YMCA and head of the Depart- 
ment of Mining of one of the emergency war colleges 
of France. For his long and ardent service to all 
phases of scouting he was awarded the Silver Beaver 
by the Boy Scouts of America. 

Dr. Lane was the author, in German and English, 
of 1,087 publications. 

As a college professor and department head at 
Tufts Dr. Lane had a remarkable influence upon more 
than a full generation of students. He had the re- 
warding privilege of teaching not a few of his old 
students’ children when they in turn came to Tufts. 
He was always jealous of the high scientific character 
of his subject. Almost always he demanded that his 
students not only study geology itself but supplement 
it with a thorough knowledge of mathematics, physics, 
and chemistry. For this reason his many students 
who went on from Tufts to graduate schools were 
always equipped to deal with the quantitative geology 
of the future rather than merely with the descriptive 
geology of the past. The list of his former students 
who hold places of distinction in American scientific 
and university life is today a living tribute to his 
influence. 

In his teaching, as in his life, he was perpetually 
youthful. He was always interested in the latest geo- 
logical discoveries and in the eurrent problems of the 
Nation and of the world. His scholarship and wide 
study were for him a solid starting platform from 
which to launch new but guided missiles into the un- 
known. 

At all times as a citizen and a scientist he was ready 
to participate in the solution of problems facing so- 
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ciety. By his life and attitudes he gave us ali a fune- 
tioning model of the service that a citizen of a democ- 
racy can give to local, state, national, and, indeed, 
international governmental agencies. 

Tufts College, the science of geology, cur Nation 


itself, and the cause of real international understang 
ing have lost a dynamic figure in the death of Alfrg 
Church Lane. 

LEONARD 
Tufts College 


Book Reviews 


Insects of Hawaii. (Vols. I-V.) Elwood C. Zimmer- 
man. Honolulu: Univ. Hawaii Press, 1948. Vol. I: 
Pp. xx + 206, $3.50; Vol. II: x+475, $5.50; Vol. III: 
275, $4.50; Vol. IV: 300, $4.50; Vol. V: 500, $6.00. 


If there is anyone left who does not believe in evolution, 
I would recommend to him the study of the fauna of the 
Hawaiian Islands. 

On 6 major and a number of minor islands that are 
nothing but the tops of a chain of volcanoes rising from 
the undisturbed ocean bottom, a most remarkable fauna 
has evolved. Perkins, the grand old man of Hawaiian 
natural history, published a set of volumes on the insect 
fauna of these islands between 1899 and 1913, but so 
much additional information has been gathered by sub- 
sequent investigators that the publication of a new insect 
fauna became imperative. Dr. Zimmerman has under- 
taken this Herculean task. The new Insects of Hawaii 
will comprise some 12-15 volumes, of which the first 5 have 
just been published. They cover the lower orders includ- 
ing Orthoptera and Hemiptera and contain the descrip- 
tions of 1,100 species, with notes on their origin, distribu- 
tion, hosts, predators, and controls. 

The introductory volume discusses the history of the 
islands which geologists believe to have originated not 
earlier than in the late Tertiary. This conclusion seems 
contradicted by the amazingly diversified fauna, with its 
numerous endemic genera and subfamilies indicating ex- 
treme age. Unsuspectedly rapid evolution, as well as 
colonization by endemics from now-submerged archipel- 
agoes, may be the solution of this puzzling contradiction. 

Zimmerman shows that transoceanic dispersal is much 
greater in some groups of insects than was believed pos- 
sible by earlier authors. There is no need to postulate 
former land bridges for which there is no geological evi- 
dence. The total insect fauna of Hawaii, consisting of 
more than 3,700 endemic species, seems to have descended 
from 233-254 original colonizations. About 95% of the 
endemies have Pacific affinities, and only 5%, American. 

The extreme isolation of the islands permitted the evo- 
lution of a unique microcosmos. Aberrant species occur 
in every family, often exceedingly bizarre, but close study 
invariably reveals that they are members of some ortho- 
dox group. The most remarkable is perhaps a damsel 
fly, the larvae of which have given up the usual aquatic 
habits of this family and live in the litter of the forest 
floor. Such cases demonstrate graphically how new higher 
categories may originate. 

It would lead too far to report on even a fraction of 
the many interesting biological phenomena discussed by 
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Dr. Zimmerman. They include topographic isolation, 4 
polyphyletie origin of flightlessness, of predacity J 
parasitism, rates of evolution, extinction, and many « 
logical phenomena. The Bernice P. Bishop Museum, 4 
Hawaiian Sugar Planters’ Association, and the Unine 
sity of Hawaii are to be congratulated on having qj 
sored this important publication. 

ERNsT 
American Museum of Natural History, New York City 


Proteins and life. M. V. Tracey. London: Pilot Prg 
1948. Pp. x+154. (Illustrated.) 10/6. 


This little book, by a member of the Department ¢ 
Biochemistry at the Rothamsted Experimental Stati 
provides an excellent brief account of the fundaments 
of protein chemistry. It is well written and is characte 
ized by clearness of statement and simplicity of presen 
tion. The details of methods are for the most pa 
omitted, although references to the original literatuy 
are provided for those who wish to go more deeply ini 
a particular subject. References to review articles aj 
other collateral material are also given. The book th 
may well serve as a point of departure for the studeq 
of biochemistry at the undergraduate or graduate lev 
It ean be read with profit even by those who hi 
specialized in the study of proteins. 

The first few chapters deal with the nature of proteil 
their composition, and the more important presents 
views on protein constitution. Chapters on proteins 
nutrition, in industry, as components of living tissu 
and as factors in disease follow. The factual inform 
tion is well chosen and, in general, accurate; few erm 
having been detected. A valuable feature, especially { 
the beginning student, is the summarization of inform 
tion into brief tabular statements after each section. 


The reviewer questions the use of the technical tm 


‘‘residue’’ on page 19 and elsewhere. In American pm 
tice, at least, the residue of an amino acid is the )# 


remaining when the hydroxyl group of the carboxy! 
one hydrogen of the amino group are removed. mM 


author appears to have confused residue with radica 
On page 25 the essential role of the peptidases in “ 
pleting the enzymatie hydrolysis of a protein is 
looked, although the matter is made clear subsequetl? 
Despite such minor and fortunately rare imperfect 
as this, however, the book can be highly recommendet 


H. B. Vick 


Connecticut Agricultural Experiment Station 
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MICH ay ind Notes 


besident Truman’s Thanksgiving 
Proclamation—‘‘As the tra- 
Bonal day of Thanksgiving ap- 
Baches, our thoughts incline, as in 
Bvious years, to the richness of our 
sings. The spiritual endowments 
our country are undiminished; we 
as always, walk as free men un- 
nid. Our harvests have been bounti- 
our production of goods abundant. 
r resources have permitted us to 
the needy and helpless of other 
T May ds. 
: City H‘We are privileged to participate 
international efforts to advance hu- 
t Pram welfare. We are profoundly 
Steful for the existence of an inter- 


tion, th 
ity aM 


- ional forum where differences 
a ong nations may be submitted to 
rid opinion with a view to har- 
ious ad justment. 
ATACOREER «Wo pray this year not only in the 
esel@Rit of thanksgiving but also as sup- 
at pa fants for wisdom in our approach to 
problems confronting this nation. 
ly ™@M@lieving in the dignity of man and 
les aM right to live in freedom and peace, 
n 7 ask divine guidance in helping to 


feguard these gifts for ourselves and 
lever peoples of the earth. 
0 MWENow, therefore I, Harry S. Truman, 
pesident of the United States of 
rotellimerica, in consonance with the joint 
-ntdqBolution of Congress approved De- 
eins Mmmber 26, 1941, designating the 
tissuemrth Thursday of November in each 
form@m as Thanksgiving Day, do hereby 


Thursday, November 25, 
ly iS, as a day of national thanks- 
forum 1g; and I eall upon our citizens to 
n, perve that day by giving thanks to 
| tenmmmighty God for the bounties which 
» piifm™’e been bestowed upon our nation 
e pif’ by resolving to render generous 
yl to the hungry and homeless 


other lands, thus renewing our de- 
adicilgmme'on to the cause of good-will among 
pn.”? 
Over 


People 


CHORE Frans Verdoorn, managing editor 
ded. B® Chronica Botanica, has assumed 
cK hew duties as director of the Los 

Mgeles State and County Arboretum 


at Arcadia, California. The 117-acre 
Arboretum is operated by the Cali- 
fornia Arboretum Foundation, Inc., 
a nonprofit organization which is plan- 
ning the development of a modern 
arboretum and botanical garden with 
various research and educational de- 
partments. Dr. Verdoorn will con- 
tinue to edit Chronica Botanica and 
related serials. 


Arthur F. Hooper, formerly of 
Northwestern University, and William 
Hovanitz, formerly of the University 
of Michigan staff, were recently ap- 
pointed assistant professors in the 
Biology Department at Wayne Uni- 
versity. 


Albert F. Blakeslee, of the Genetics 
Experiment Station, Smith College, is 
also serving as visiting lecturer at 
Harvard University during the cur- 
rent semester. Dr. Blakeslee is giving 
the course in genetics. 


Paul C. Cross, chairman of the 
Department of Chemistry, Brown Uni- 
versity, has been appointed head of 
the Department of Chemistry and 
Chemical Engineering at the Univer- 
sity of Washington, Seattle. His ap- 
pointment will become effective July 
1, 1949. 


Edward H. Berger, chemist and 
authority on asphalts, tars, and 
pitches, has been awarded the honor- 
ary D.Se. degree by Franklin and 
Marshall College. The industrial 
scientist is an honor graduate of the 
College, Class of 1915. 


Arthur F. Coca, editor of the Jour- 
nal of Immunology since it was 
founded in 1916, has resigned and will 
now serve as associate editor. His 
successor is Geoffrey Edsall, director 
of the Antitoxin and Vaccine Labora- 
tory of the State of Massachusetts. 


Edwin A. Lawrence has been 
named professor of surgery (oncology) 
and director of the Cancer Teaching 
Program in the College of Medicine, 
University of Utah. Dr. Lawrence, 
who has been in private practice in 
Salt Lake City, was formerly director 
of the Tumor Clinic at Yale University. 


John A. Toomey, director of the 
Contagious Disease Department, Cleve- 
land City Hospital, and professor of 
clinical pediatrics and contagious dis- 


|. RIENCE, November 19, 1948, Vol. 108 


eases at Western Reserve University 
School of Medicine, is on sabbatical 
leave. He is replaced by Morris 
Schaeffer, who is acting director of 
the Department and assistant profes- 
sor of pediatrics at Western Reserve. 


Paul J. Flory, who has been in 
charge of fundamental research at the 
Goodyear Research Laboratory in Ak- 
ron, Ohio, since 1943, has joined the 
Cornell University staff as professor 
of chemistry. 


Russell S. Poor, dean of the Gradu- 
ate School of Alabama Polytechnic 
Institute, will join the Oak Ridge 
Institute of Nuclear Studies about 
January 1 as chairman of the Uni- 
versity Relations Division. In this 
post Dean Poor will be in charge of 
the graduate training and research 
participation programs, two of the 
Institute’s most important activities. 


O. Wilford Olsen, formerly para- 
sitologist with the U. S. Bureau of 
Animal Investigations, has been ap- 
pointed professor and head of the new 
Department of Zoology, Colorado A 
& M College, Fort Collins. Joining 
Dr. Olsen on the staff are Tylar A. 
Woolley, formerly of Ohio State Uni- 
versity, and Richard G. Beidleman, 
formerly of the University of Colo- 
rado, both of whom have been made 
assistant professors. 


Grants and Awards 


The Sterling-Winthrop Research 
Institute, together with Winthrop- 
Stearns, Inc., has awarded a total of 
52 grants-in-aid, valued at $159,644, 
so far this year. According to a 
joint announcement by Maurice L. 
Tainter, director of the Institute, and 
Justus B. Rice, vice-president in charge 
of medical research, Winthrop-Stearns, 
24 of the grants were awarded to 
universities, medical schools, and col- 
leges, with the balance going to clinics, 
hospitals, institutes, research founda- 
tions, and individuals. The general 
grants are supporting investigations 
and training in therapeutics, pharma- 
cology, neurosurgery, internal medi- 
cine, organic chemistry, and related 
fields. Specific grants were awarded 
for research in such subjects as anti- 
sepsis, anesthesia, chemotherapy, me- 
tabolism, antimalarials, asthma, treat- 
ment of heart conditions, ete. 
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Illinois Institute of Technology 
has received two research grants from 
the Research Corporation of New York. 
Samuel Siegel, assistant professor of 
chemistry, was granted $4,000 for his 
research on stereochemistry of dis- 
placement reaction, and August J. 
Durelli, research engineer of the Ar- 
mour Research Foundation, $2,500 for 
his research on brittle material method 
of experimental stress analysis. 


Kenneth M. Watson, engineering 
consultant and professor of chemical 
engineering at the University of Wis- 
consin, is the recipient of the 1948 
William H. Walker Award of the 
American Institute of Chemical Engi- 
neers. The award was made to Dr. 
Watson during the recent annual meet- 
ing of the Institute for his many 
important publications in the chemical 
engineering field. 


The new betatron project at the 
University of Illinois College of Medi- 
cine (see Science, June 25, p. 676) 
wili be implemented by a grant of 
$20,000 just awarded by the Ameri- 
ean Cancer Society, Inc., to the Col- 
lege. The grant is to be used for the 
purchase and manufacture of acces- 
sory instruments required for accurate 
operation of the 20,000,000-volt beta- 
tron. Its delivery to the University 
this month will mark the world’s first 
installation of this type of machine 
for cancer treatment and research. 


Nine grants totaling $82,688 in 
support of laboratory and clinical re- 
search in cancer have just been ap- 
proved by the U 8S. Public Health Ser- 
vice. These go to: the University of 
San Francisco, $3,272 for the synthesis 
and microbiological evaluation of am- 
ino acid analogues; Michael Reese 
Hospital, Chicago, $12,000 for study 
of nutritional factors in the origin 
and growth of tumors; the University 
of Illinois, $11,448 for study of the 
formation of jaw tumors in a known 
strain of rats; Indiana University, 
$7,560 for a study of factors influenc- 
ing abnormal development in mam- 
mals; Tulane University, $18,576 for 
a study of the relationship of hor- 
mones to neoplasia; Smith College, 
$4,752 for studies of tumors in plant 
embryos; the University of Missouri, 
$10,000 for work in skin cancer in mice 
and men; the University of Virginia, 


$11,880 for studies of blood in cancer 
patients; and the University of Wyo- 
ming, $3,200 for work on the effect 
of deuteron bombardment on the chem- 
ical composition and carcinogenicity 
of organic compounds. 


The Cranbrook Institute of 
Science, Bloomfield Hills, Michigan, 
announced on November 10 the award- 
ing of the third Mary Soper Pope 
Medal to William Vogt, chief of the 
Conservation Section, Pan American 
Union, for his important studies of 
populations and natural resources of 
Latin-American countries and for his 
best-selling book, Road to survival. 
The Medal is given for noteworthy and 
distinguished accomplishment in plant 
science without restriction as to field of 
plant science and without limitation as 
to the geographic position, nationality, 
race, creed, or position of the recipi- 
ent. In awarding the Medal for dis- 
tinguished accomplishment in plant 
science to an ecologist who is most 
widely known as an ornithologist, the 
Institute has announced that it is in 
no manner violating the purposes of 
the donor of the Medal. It is, rather, 
‘‘recognizing Mr. Vogt’s own thesis, 
that the renewable natural resources— 
the forests and the grasslands, the 
soils, the waters on the land, wildlife, 
and human well-being—are inextri- 
cable strands of one whole natural 
fabrie.’? 


Colleges and Universities 


The Laboratory for Nuclear 
Science and Engineering, Massachu- 
setts Institute of Technology, has be- 
gun construction of a 12,000,000-volt 
electrostatic generator to bombard the 
nuclei of atoms at voltages several 
times higher than those produced by 
existing machines of its type. Ac- 
cording to Dean George R. Harrison, 
atomic particles accelerated in the 
new generator will have sufficient en- 
ergy to penetrate and break up even 
the heaviest atomic nuclei. A unique 
feature of the machine is that the 
energy of these fast-moving electrified 
particles will be readily variable from 
zero to maximum voltage to cover a 
wide range of experimental require- 
ments. An outgrowth of the original 
generator designed in 1933 by Robert 
J. Van de Graaff, of the Institute’s 
Department of Physies, the new ma- 
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chine has been developed jy, 
through the researches of Jj), 
Trump and his associates in thy; 
partment of Electrical Engines fl 

In addition to nuclear research 
new generator will be used for gg 
ing the biological effects of \ 
energy radiation on living 
living matter. These studies 
include the effects of 
inactivating bacteria, viruses, 
zymes, as well as their use in treat 
malignancies. 


A new publication of the Divigill 
of Science at Iowa State (gj, 
made its appearance early this nog 
The Iowa State Scientist, whi 
edited and produced by students inj 
Division, presents a popularized y 
sion of science. 


The Detroit Institute for Cay 
Research has become formally ; 
filiated with the College of Medici 
Wayne University, according to ;| 
cent joint announcement. 
ments to the scientific staff of j 
Institute will be made upon rw 
mendation of its scientific direc 
together with the endorsement of 
University faculty. The dean of 
College, or his representative, will! 
a member of the executive commit 
of the board of trustees of the lu 
tute; and the scientifie director of! 
Institute, or his representative, 1 
be a member of the administra 
committee of the Cellege. Officials 
the two institutions hope that the 
affiliation will bring national supp 
on a wider basis than was before 
sible. Each agency will, in addi 
have greater resources in terms! 
personnel and equipment on whith! 
draw. 


Meetings and Elections 


The Sixth Annual Plains Archie 
logical Conference will be held ¥ 
vember 25-27 ia the University! 
Nebraska Laboratory of Anthropolif 
T’.e November 25 program will includ 
a roundup of archaeological inv 
gations in the Central Plains dun 
the past year, a report on the activitl 
of the Missouri Valley River Basi 
Survey of the Smithsonian Institute 
by W. R. Wedel, and a report of® 
Committee on Pottery Typology '* 
C. Spaulding, University of Michi# 
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J. D. Jennings, University of 
The session on the 26th will be 
ied to aspects of evidences of cli- 


ed lay 
f Johy 
in th 


gins change during postglacial times, 

Sean) dl W. D. Strong, Columbia Univer- 

| for sty acting as chairman. Ernst An- 


_ Carnegie Institution, Paul B. 
s, Oberlin College, and Fred Eg- 
, University of Chicago, will pre- 
t papers. The November 27 morn- 
cesison with discussions of climate, 
ronment, and culture will be under 
chairmanship of Dr. Wedel. G. F. 
|, of Bismarek, North Dakota, H. 
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© Diviigl Weakly, of the U. S. Field Station, 

© Col@@M.cll, South Dakota, and H. M. 

‘rmington, of the Colorado Museum 
Which 


Natural History, Denver, will pre- 
t papers. The afternoon session 
) feature a special round-table dis- 
Bsion on climate and the age of 
ious Plains eulture horizons, with 
H. H. Roberts, Jr., Bureau of 
berican Ethnology, Smithsonian In- 
Bution, acting as chairman. 
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At the meeting of the American 
iety of Mechanical Engineers, to 
held in New York City November 
December 5 (see Science, October 
p. 469), Section M (Engineering) 
the AAAS wili sponsor jointly with 
‘i ASME the following programs: 
OnmM vember 29, 8:15 P. M., Applied 
the Is chanies III; November 30, 9: 30 
orl Heat Transfer IV and 2: 30 
ive, "HE M., Heat Transfer V; December 1, 
Sti 30 A. M., Heat Transfer VI and 
ficial 30 P. M., Applied Mechanics VIII; 
2, 9: 30 A. M., Applied Me- 
SUPPEBanies IX and 2: 30 P. M., Aviation 
fore MEAT; December 3, 9:30 A. M., Prop- 
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which (MM Stanley §. Ballard, chairman of 

¢ Department of Physics at Tufts 

pllege, was elected a vice-president 

the International Commission of 

ties (an affiliate of the Interna- 

rchainal Union of Pure and Applied 

eld MEMMhysies) at the ICO meeting held in 
sity Holland, in July. 


The 16th 
incl annual meeting of the 
invest CFAS (Association canadienne- 
Was held October 10-11, in 
"Bal uebee City, Canada. Lionel Lemay, 
secretary, reports that papers 
of P'esented in the Physics, Chemis- 
Geology, General Biology, Ecol- 
chs BY, Botany, Agronomy, Entomology, 
ychology, Geography, and History 
ol, 


Sections. 
the coordination of the scientific train- 
ing between French-Canadian colleges 
and universities, a report of which will 


A symposium was held on 


be published shortly. Léon Lortie, 
professor of chemistry and of the 
history of science, University of Mon- 
treal, was elected president; Lionel 
Daviault, director of the Provincial 
Laboratory of Entomology, Quebec, 
and Ignace Brouillet, director of the 
Eeole Polytechnique, Montreal, 1st 
and 2nd vice-presidents, respectively ; 
and Lionel Lemay, professor of chem- 
istry, University of Montreal, general 
secretary. 


The Connecticut Academy of Arts 
and Sciences on October 21 elected 
its officers for-the year 1948-49. 
They are: E. R. Goodenough, presi- 
dent; G. H. Hamilton, V. L. Loosanoff, 
anr H. Margenau, vice-presidents; 
Dorothea Rudnick, secretary; L. G. 
Tighe, treasurer; and J. T. Babb, li- 
brarian. Offices of the Academy are 
at 701 Sterling Tower, Yale Univer- 
sity. 


NRC News 


Fellowships in the Medical Sci- 
ences, similar to those which have been 
administered by the Medical Fellow- 
ship Board of the National Research 
Council since 1922, will again be avail- 
able for the year 1949-50. Supported 
by grants from the Rockefeller Foun- 
dation to the NRC, they are designed 
to provide opportunities for training 
and experience in research in all 
branches of medical science. They are 
open to citizens of the United States 
or Canada who possess an M.D. or a 
Ph.D. degree and are intended for 
recent graduates who are not yet pro- 
fessionally established. 

In addition, the Medical Fellowship 
Board administers two groups of re- 
search fellowships, made available 
through a grant from the National 
Foundation for Infantile Paralysis, 
Ine. The first group, open to appli- 
eants who hold either the Ph.D. or 
M.D. degree, is for the purpose of 
providing opportunities for special 
training and experience in the study of 
virus diseases. The second group, open 
only to graduates in medicine who have 
completed one or more years of hos- 
pital experience in clinical surgery and 
ate planning a career in orthopedic 
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surgery, is designed to provide oppor- 
tunities for training and research in 
those basic medical sciences which will 
be of particular value in furthering 
progress in the field of orthopedic 
surgery. 

A series of fellowships in anes- 
thesiology, established through a grant 
from the American Society of Anes- 
thesiologists, are offered with a view 
to fostering a closer union between 
the clinical practice of anesthesiology 
and the fundamental disciplines on 
which anesthesia rests. Applicants 
must hold the M.D. degree and must 
have completed one or more years of 
hospital experience as intern or resi- 
dent. 

The Medical Fellowship Board has 
also under its jurisdiction a number of 
fellowships of senior grade in internal 
medicine (Welch Fellowships), epi- 
demiology, clinical neurology, ortho- 
pedie surgery, pediatrics, and virus 
diseases, for individuals of proven re- 
search ability. 

Fellows will be appointed at a meet- 
ing of the Medical Fellowship Board 
early in March 1949. Applications to 
receive consideration at this meeting 
must be filed on or before December 
1, 1948. Appointments may begin on 
any date determined by the Board. 

For further particulars concerning 
these fellowships, address the Secre- 
tary of the Medical Fellowship Board, 
National Research Council, 2101 Con- 
stitution Avenue, N.W., Washington 
25, D. C. 


AEC Postdoctoral Research Fel- 
lowships in the Medical Sciences will 
also be available for the year 1949— 
50. These fellowships, administered 
for the Atomic Energy Commission by 
the National Research Council, are de- 
signed to provide advanced basic 
training and research experience for 
men and women entering upon careers 
in fields related to atomic energy. 
Any field of the medical sciences in 
which nuclear phenomena are involved 
is open to applicants. 

A fellow must be a citizen of the 
United States and under 35 years of 
age at the time of appointment. He 
or she must have had training in some 
branch of the biological or medical 
sciences equivalent to that represented 
by the M.D. or Ph.D. degree and must 
have demonstrated ability for research. 
To be eligible for these awards, physi- 
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cians must have completed at least one 
year of internship. In exceptional 
cases, work equivalent, in the opinion 
of the Board, to that of an internship 
may be accepted as fulfilling this re- 
quirement. 

Fellows will be appointed at a meet- 
ing of the AEC Postdoctoral Fellow- 
ship Board in the Medical Sciences in 
March 1949. Applications to reesive 
consideration at this meeting must be 
filed on or before December 1, 1948. 
Appointments may begin on any date 
determined by the Board. 

Further particulars may be obtained 
from the AEC Postdoctoral Fellow- 
ship Board in the Medical Sciences, 
National Research Council. 


Deaths 


William Gerard Beckers, 74, manu- 
facturing chemist, died in his New 
York City home November 3. Dr. 
Beckers founded the Beckers’ Aniline 
and Chemical Works, a forerunner of 
the National Aniline and Chemical 
Company, Inc. Later National Aniline 
became a division of the Allied Chemi- 
cal and Dye Corporation, for which 
Dr. Beckers acted as a director until 
his death. 


William Harvey Emmons, 71, pro- 
fessor emeritus of geology and miner- 
alogy at the University of Minnesota, 
died November 5 at his home in Min- 
neapolis. Dr. Emmons served as head 
of the Department as well as director 
of the Minnesota Geological Survey 
from 1911 until his retirement in 1944. 
In addition, he had served as associate 
editor for the Journal of Geology. 


E. W. Lindstrom, 57, head of the 
Genetics Department of Iowa State 
College as well as of the Genetics Sec- 
tion of the Agricultural Experiment 
Station, died November 8 in Ames. 


A new method of seismic explora- 
tion to aid in locating underground 
petroleum reserves has recently been 
announced by the Institute of Inven- 
tive Research, San Antonio, Texas. 
It is expected that the new method, 
now being developed under the Insti- 


‘tute’s sponsorship by T. C. Poulter, 


associate director of the Stanford Re- 
search Institute and widely known 
geophysicist, will speed up the search 
for oil deposits by eliminating drilled 
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shot holes and at the same time greatly 
reduce exploration costs. In the Poul- 
ter procedure the charges in the ex- 
plosive pattern are set on stakes in a 
hexagonal design close to the ground 
and exploded simultaneously, one of 
the charges being in the center. The 
shaped charges used are based on the 
‘‘Munroe Effect,’’ established by 
Prof. C. E. Munroe in 1888. Dr. Poul- 
ter first conceived the idea while con- 
ducting experiments in the Antarctic 
during the Byrd Expedition of 1933- 
35, on which he served as senior scien- 
tific adviser. The Poulter Method is 
reported to produce the same or, in 
many instances, better seismic records 
than present procedures and employs 
the identical seismic recording equip- 
ment now generally in use. This 
week’s cover depicts a night explosion 
of a 13-charge detonation covering a 
120-foot area. 


The American Statistical Associa- 
tion, with offices at 1603 K Street, 
N.W., Washington, D. C., has an- 
nounced the appointment of a Com- 
mission on Statistical Standards and 
Organization. The functions of the 
Commission will be to provide a tribu- 
nal to render opinions and recommen- 
dations on controversial issues relating 
to statistical procedure and presenta- 


tion of statistical material, to develop 


a list of minimum standards for pub- 
lished statistical materials, and, upon 
request from governmental bodies, to 
review actual or proposed undertak- 
ings and make recommendations rela- 
tive to standards. 

Members of the new Commission in- 
clude Lowell J. Reed, Johns Hopkins 
University, and Samuel S. Wilks, 
Princeton University (both for one- 
year terms); Isador Lubin, U. 8. 
member of the Economic and Unem- 
ployment Commission, UN Economic 
and Social Council, and F. W. Note- 
stein, Princeton University (two 
years); Frederick E. Croxton, Colum- 
bia University, and Walter A. Shew- 
hart, Bell Telephone Laboratories 
(three years). 


Excerpta Medica, the important 
new international abstracting service 
giving comprehensive coverage, in 
English, of the clinical and experi- 
mental medical fields, has announced 
that all sections of the service are now 
appearing regularly. At present, the 
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service in undergoing a reorp. 
tion as a foundation, in coop, 
with the original Dutch pubjy 
houses. The Chief Editorial pj 
which plans the general medica] ii 
tion of Excerpta Medica, ingyll 
M. W. Woerdeman, fellow 
tary of the Royal Netherlands 4a 
emy of Science as well as profegg 
anatomy and embryology; A, p jim 
A. de Kleyn, professor of oto. 
laryngology and also a fellow ofj 
Royal Netherlands Academy of; 
ence; and W. P. C. Zeeman, prof, 
of oto-rhino-laryngology. At png 
over 4,000 specialists are coopeng 
in the work. The Williams & Wig 
Company of Baltimore, Maryland 4 
as sole agent for the service jy 
U. 8., Canada, and Central Amerig 


The National Registry of } 
Chemicals, 35 West 33rd Street, ( 
eago 16, Illinois, recently annouwy 
that it is currently interested in; 
taining: cyanin chloride; ketipi 
acid; gulose; fenchyl alcohol; prj 
eatechualdehyde butyl ether; 2-fiu 
ethyl bromide; lactic dehydrogen 
acetyl thiocholine chloride, bromil 
or iodide; 3,3,3-trichloropropis 
acid; thiocarbonyl fluoride; 
eamphocarbonate; phosphorous tri 
oride; dimethyl strontium; diet 
bromo gold; euprous fluoride; chi 
trifluorogermane; capsaicine; 1: 
phor; 2-bromo-1,1,1-trifluoropropam 
1-naphthol-2,4-disulfonie acid; flu 
germane; and mesobilirubinogen. 


Make Plans for— 


American Mathematical Soci 
November 27, Los Angeles, Califon 


American Society of Mechaw 
Engineers, 69th annual meeting, } 
vember 28—December 3, Hotel Pens 
vania, New York City. 


Conference on Electronic Inst 
mentation in Nucleonics and Mé 
cine sponsored by the Institute 
Radio Engineers and American lis 
tute of Electrical Engineers, Not 
ber 29—December 1, New York City 


American Medical Associatio®,’ 
terim session, November 3(-Det 
ber 3, St. Louis, Missouri. 


American Academy of Dé 
Medicine, annual midwinter 
December 5, Hotel Pennsylvania, M 
York City. 
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